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SURVEYS 
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FLUID-ELECTROLY‘E HOMEOSTASIS AND WEIGHTLESSNESS 
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[Article by 0. G. Gazenko, A. I. Grigor'yev and Yu. V. Natochin, 
submitted 29 Oct 79] 


[Text] Stable volume, osmotic concentration and ionic composition of 
internal fluids are a mandatory prerequisite for man to be in a good 
condition and highly efficient. Physiological systems regulate the con- 
centration of each electrolyte in blood (and other endogenous fluids), 
the balance between intake and output thereof and, consequently, total 
salt content of the body. At present, sufficient material has been 
accumulated concerning the effect of weightlessness on fluid-electrolyte 
metabolism, so that it is necessary to sum up some of the findings and 
discuss the most pressing problems. 


Weightlessness was found to be the most serious factor among those to 
which cosmonaute are exposed during flights. In the case of short and 
moderate duration of flights, it was possible to overcome this obstacle 

to a significant extent [1-4]. During missions lasting up to 8 days, the 
main disturbances were referable to the vestibular system and hemodynamic 
changes; in flights last 1 to 2-3 months, this applied to changes referable 
to the musculoskeletal system due to hypodynamia and absence of gravity. 
Already the examination of the first cosmonauts revealed a significant 
weight loss and substantial changes in balance of fluid and a number of 
electrolytes. Although homeostatic mechanisms did counteract the 

changes in composition of endogenous fluids, and concentration of electro- 
lytes in blood changed minimally, this was attributable to rather inten- 
sive function of the systems of regulation and excretory organs, primarily 
the kidneys. A tendency toward hypokalemia and hypercalcemia was the 
most frequent manifestation of changes in electrolyte metabolism after 
long-term flights. In a number of cases, hypernatremia and increased 
osmolarity of blood were also noted. All these changes reverted to normal 
several days or weeks after the cosmonauts returned to earth. A negative 
balance of potassium, calcium, phosphorus and a number of other electro- 
lytes was demonstrated. 














The purpowe of this survey was to discuss the causes, mechaniams and signi- 
ficance of disturbances in electrolyte metaboliam, to determine whether 
they are primary or secondary, as well as to determine the syatems 
(regulatory or of tissue metaboliem), changes in which caused these 
disturbances, This is of basic importance to development of preventive 
methods and comprehension of the mechanisms of action of weightlessness 

on the human body. There is no question of the fact that changes in fluid- 
electrolyte metabolism play an important role in development of ortho- 
static instability, diminished physical fitness and endurance of accelera- 
tions, change in bioelectrical activity of the myocardium and a number of 
other disturbances in cosmonauts, They differ at different phases of a 
flight, and they depend largely on its duration, 


Regulat.on of Volume and Osmosis 


By regulating the concentration of sodium and chlorine in extracellular 
fluids and balance thereof in the body, physiological systems provide 

for stability of two of the most important homeostatic parameters: volume 
of fluid (volume regulation) and concentration of osmotically active 
substances in them (osmoregulation), The change from earth's gravity 

to weightlessness results primarily in redistribution of blood in the body. 
The absence of gravity causes blood to shift from the lower limbs to the 
region of the thoracic vessels, plethora of the latter and distention 

of the atria [5, 6], which leads to reflex increase in renal excretion 

of fluid. Since these acute reactions occur under isoosmic conditions 
(i.e., without change in concentration of osmotically active substances 

and ion composition of blood), they probably are in the nature of a 
volume-regulating reflex [7], the Henry-Gauer reflex. A negative fluid and 
electrolyte balance is observed in weightlessness [8, 9], when it is 
simulated by immersion [10-12], during hypokinesia by means of bed rest, 
particularly in antiorthostatic [headtilted down] position [13, 14]. The 
cosmonauts’ physiological reactions at the first stage of adaptation to 
weightlessness are not limited to increased renal excretion of fluid. They 
are manifested by diminished thirst and flv intake, as well as 
diminished desire for salt. The rush of blood to the thoracic region and 
head is manifested by edema of the face, sensation of heaviness of the 
head, etc, [15-17]. No doubt, adaptation of the system of regulation of 
volume is adequate to the new conditions, and it is instrumental in 
improving the well-being and condition of cosmonauts. It is of substan- 
tial importance to settle the question of what are the most beneficial 

rate and individual distinctions of the adaptation process when becoming 
exposed to weightlessness. Adaptation can be speeded up with pharmacolo- 
gical agents, which increase renal excretion of fluid and sodium salts, 

for the purpose of faster reduction of volume of extracellular fluid. 


The change in fluid metabolism persists for some time after completion of 
a flight. This is manifested by the fact that, in spite of increased 
fluid intake, there is a decrease in diuresis [13, 18, 19]. Use of a 
standard fluid load revealed that there was diminished excretion of fluid 
[13, 20, 21]. Since blood osmolarity was normal in the cosmonauts, fluid 














retention was apparently attributable to a diminished volume of fluid in 
the body, due to weightlessness [20, 22-24], After the flight, there was 
a decrease in maximum diuresis, as well as excretion of osmotically 

free fluid, with virtually normal level of glomerular filtration [25], 
This wae apparently indicative of the fact that, in spite of the fluid 
load, the cosmonauts retained a significant level of antidiuretic hormone 
(ADH) in their blood, Under ordinary conditions, intake of such a 

fluid load is associated with virtually complete arrest of ADH secretion, 
The continuing secretion of ADH could be attributable to inadequate 
volume regulation, since ADH is secreted not only in response to an in- 
crease in osmotic concentration of blood, but to a decrease in volume 
thereof, in particular when there is diminished delivery of blood to the 
atria [26], When the volume of extracellular fluid was diminished after 
the cosmonauts returned to earth, or if it was inadequate to the new 
condition® due to deconditioning of the wascular bed under the influence 
of gravity, this led to secretion of superfluous ADH, and thie was 
demonstrated with the water load test. Intensified ADH excretion by the 
kidneys after che flight was demonstrated by direct measurement of its 
activity in urine [2, 9]. 


These data made it necessary to take direct readings of volumes of fluid 
phases of the body. The results of such studies were quite contradictory. 
Blood volume decreased by 13 and 6% in astronauts who flew aboard the 
Gemini-4 and Gemini-5 spacecraft, respectively, after a 2-week mission [22]; 
no decrease in blood volume and extracellular fluid was noted in astro- 
nauts who flew aboard Gemini-7 and the flight engineer aboard Soyuz-14 

[27], whereas there was a decrease in volume of extracellular fluid in 

the commander of Soyuz-14, Similar studies conducted on the Apollo and 
Skylab program revealed that the volume of extracellular fluid was 
diminished in a number of astronauts by the time they returned to earth; 

it did not differ from base values in others, whereas the decrease in 
overall volume of fluid in the body was the same (an average of about 2.5%). 


Thus, the decrease in total fluid content of the body in the case of 
short-term flights was attributable to loss primarily of extracellular 
fluid, With longer exposure to weightlessness, the volume of extracellular 
fluid was probably gradually restored in some cosmonauts, but there was 

a decrease in overall mass of intracellular fluid. Evidently, this was 
attributable to atrophic processes in some muscle groups that were not 
sufficiently exercised in physical training. The diminished reaction to 
fluid intake observed in most cosmonauts following flights lasting 
different periods of time warrants raising the question of possible in- 
adequacy of even normal circulating blood and extracellular fluid volume 
after returning to earth's gravity. Such an inconsistency could be due 

to deconditioning of vessels of the lower extremities and retention in 

them of a larger volume than usual, and, consequently, diminished filling 
with blood of the central vascular bed. These data are of practical 
importance: at the final phase of flight, with the transition from weight- 
lessness to earth's gravity (particularly in cases of prolonged exposure to 








weightlessness), it is desirable to take in additional amounts of sodium 
chloride and water in order to increase the volume of extracellular fluid, 
Use of these elements in the set of preventive measures yielded good 
results on cosmonauts involved in the second expedition aboard the 
Salyut=4 orbital station [28], 


Processes of osmoregulation and regulation of volume are implemented by the 
central nervous system, which uses neural conductors and the endocrine sys- 
tem as efferent mechanisms, During the flight aboard the Skylab orbital 
station, blood aldosterone level was close to the base value; on the day 
after this flight, its concentration increased by 2.5 times and held at 
this high level for several days [9]. After the astronauts returned to 
earth, there was an almost 3-fold increase in blood angiotensin level, 
althoug! it was only slightly above the base level during the flight. 

There was a 339% increase in ADH excretion in urine [2]. In view of the 
physiological significance of these hormones, it may be assumed that in- 
tensified secretion thereof upon returning to earth was a manifestation of 
a compensatory reaction related to the need to augment the volume of intra- 
vascular fluid, ADH must be instrumental in fluid retention, aldosterone 
should aid in retention of sodium, while angiotensin leads to conformity of 
the vascular bed with the volume of blood and stimulates aldosterone 
secretion, 


Ion Regulation 


The electrolyte composition of blood plasma reflects the ion content of 
most extracellular fluid. However, this parameter does not allow us to 
assess the balance of ions, since by mobilizing deposited ions it is 
possible to maintain a normal level thereof for some time with a negative 
balance, i.e., excessive output in relation to input, etc. We have 
discussed above the regulation of sodium and chlorine balance; here we 
shall discuss chiefly questions pertaining to regulation of potassium and 
calcium metabolism. 


In-flight studies of potassium balance were first conduct on the crew of 
Gemini-7 [29]. Im one of the crew members, the potassium deficiency per 
day constituted a mean of 64.6 meq and in another, 22.9 meq. A negative 
potassium balance was also demonstrated among the crews of Apollo and 
Skylab spacecraft. These data were corroborated by a measurement of 
total potassium content by means of y-spectrometry [30, 31]. A decrease 
in amount of metabolizable potassium (**K) was demonstrated in astronauts 
aboard Apollo-15 even 5 days after the flight [30]. The change in potassium 
metabolism could have been one of the causes of impaired cardiac function 
in astronauts aboard Apollo-15. The decrease in total potassium content 
of the body was significant: for example, total potassium content dropped 
from 3674 to 3401 meq, i.e., by 7.4%, after a 28-day mission aboard the 
Skylab station [32]. 


In all probability, the cause of potassium loss was that atrophic pro- 
cesses develop in muscles in weightlessness and hypodynamia, with 











reduction of cellular mass, removal of potassium from cells and excess 
thereof excreted by the kidneys. Thus, we are probably dealing not only 
with hypokalemia and diminished intracellular concentration of potassium, 
but a decrease in cell mass and, consequently, limited space for potassium 
in the intraceliular elements that make it possible to retain it. There 
are several facts in favor of this hypothesis. The astronauts aboard 
Apollo-16 and Apollo-17 spacecraft were given a diet with increased po- 
tassium content to prevent complications referable to the cardiovascular 
system, However, in spite of these measures, the crew of Apollo-17 
presented a decrease in potassium content of 13.5 meq/kg weight [33]. 
Addition of potassium to the ulet aormalizes potassium content of extra- 
cellular fluid, as was observed in cosmonauts involved in the second ex- 
pedition aboard Salyut-4 [34], although it did not eliminate the negative 
potassium balance. The potassium deficiency, even 6 days after the mission 
eooard Soyuz-14, constituted 620 meq in the commander anda 340 meq in the 
‘light engineer [27]. 


It may be assumed that the negative potassium balance is not based on the 
shortage of potassium in the diet, but the impossibility of its retention 
due to the diminished size of the potassium depot of cells. To check this 
hypothesis, studies were made with the use of potassium salts (0.75-1.5 meq/ 
kg body weight). It was found that there was faster excretion of the 
potassium load in the presence of hypokalemia and decrease in total 
potassium content of the body as a result of prolonged hypokinesia than 

in the base period [35]. Similar results were obtained on albino rats, 
which flew aboard the Cosmos-936 biosatellite, when they were given a 
potassium load, Perhaps, the disturbances referable to potassium metabolism 
in weightlessness are based on a primary change in tissular metabolisn, 
atrophy and consequent change in total potassium content of cells. 


Even when preparing for the first space flights, specialists were concerned 
with problems that could arise because of impaired calciun metabolism during 
a space flight [36, 37]. The hypothesis was expounded that serious 

changes could occur in metabolism of bone tissue due to diminished load 
[37], which could lead to development of urolithiasis as a result of 
excretion of excessive amounts of calcium [38]. Use of the densitometry 
method yielded particularly alarming results: a 2-25% decrease in minerali- 
zation of a number of bones was observed in crew members of Gemini and 
Soyuz spacecraft [39-41]. However, the use of a more accurate method of 
photon absorption failed to demonstrate such a significant decrease in 

bone density in astronauts of Apollo-14 and Apollo-16 [42]. A complex 
study of different bones from autopsy material from the crew of the Salyut-1l 
orbital station also failed to demonstrate significant deviations from nor- 
mal [43]. Slight deviations (4.5-7.9%) were demonstrated in some crew 
members of the Skylab orbital station in tests using the method of photon 
absorptiometry [44]. 


A study of mineralization of different bones is not sufficient to assess 
calcium metabolism. Balance studies demonstrated that there is gradual 














increase in excretion of calcium in urine and, in some cases, in feces, 
starting in the 2d week of the flight [45], A negative balance of phos- 
phates, magnesium, sulfates and nitrogen was aleo found [29, 45, 46], 
During the missions aboard Skylab, it was established that calcium excre- 
tion reaches a maximum after 3-4 weeks, and holds on this level thereafter 
[46]. Analogous results were obtained in tests using hypokinesia [12-14, 
47). Calcium loss consticuted a mean of about 4 g per month [46], In 
view of the fact that total calcium content of the human body constitutes 
about 1.5% of its total weight, this figure does not cause alarm during 
flights lasting several months, 


The increased calcium excretion is attributable to a change in condition 
of bone tissue in weightlessness; the negative balance of phosphorus, 
sulfur and magnesium [29, 46] probably reflects catabolism in bone and 
muscle tissues. In particular, the reduction of perimeter of the thighs 
is a manifestation of atrophic processes in muscles [15, 48], Even 
intensive physical exercise during the flight cannot involve all muscle 
groups; however, the observed changes are not a deterrent to flights 
lasting several months, since functional deconditioning of the skeleto- 
muscular system is transient, and it does not impair « sochanical 
strength of the skeleton. 


Thus, the disturbances referable to ion metabolism av» ©‘ ':ibutable primar- 
ily to changes in tissues that are the richest in these electrolytes (bone 
and muscle). The disturbances in electrolyte balance are also related in 
part to concomitant changes in endocrine status. There was a correlation 
between increased secretion of aldosterone and intensified excretion of 
potassium, and this could explain in part the potassium deficiency [2, 31]. 
However, one must not equate the change in secretion of a hormone with 
mandatory, adequate change in metabolism cf the electrolyte whose balance 
it regulates. This is due to the presence of back-up mechanisms and 

a number of factors that adapt the cell to the reaction to the hormone. 
Analysis of levels in blood of the main regulatory factors for calcium 
metabolism (parathyroid hormone, thyrocalcitonin, 25-hydroxycalciferol) 
failed to demonstrate clearcut changes caused by prolonged weightlessness 
[32]. Activity of a hormone in blood does not determine per se the 
intensity of the response of an effector organ, since there are modulators 
of the hormonal effect; at the same time, even minor, but prolonged 
changes in hormonal activity are sometimes sufficient for occurrence of 

a substantial change in electrolyte balance, 


Functional Capacity of the Kidney and Its Role in Fluid-Electrolyte 
Homeostasis 


Brief and prolonged weightlessness failed to elicit severe changes in renal 
function, The voluwe of glomerular filtration and level of tubular re- 
absorption of various tested substances remained at the base level [20, 25]. 
The diminished capacity to excrete fluid, which was observed on the first 
few postflight days [19, 49-51], can be well explained by the state of the 








ADiiwsecreting system, !" the presence of dehydration, the "reflux=-duplicating" (?] 
syetem of the renal medulla functions efficiently, as can be ascertained 

by the high Level of camotic concentration of urine [25]. However, changes 
were also demonstrated in function of the concentrating system and ite 
reactions to ADH, As 4 rule, in @an, the lower the diuresis, the higher 
the osmotic concentration of urine. In cosmonauts, whatever the level of 
postflight diuresis, the concentration of oamotically active substances 

in urine a0d reabsorption of osmotically free water were lower than 

before the flight [19]. Such @ paradoxical reaction wae observed againat 

4 background of high ADH secretion [51] when, it would seem, there should 
have been 4 maximum level of osmotic concentration of urine, Similar 
findings were aleo made in studies involving simulation of weightlessness 
during prolonged hy; > inesia in antiorthostatic position [52]. Thus, pro= 
longed weightlesenese affects the concentrating capacity of the kidney and 
ite reaction to ADH. A change in ionic homeostasie-<hypokalemia and 
hypercalcemia, which attenuate the cellular reaction to ADH=-might be one 
of the causes. It must be noted that some decrease in potassium content 

of celle in the external layer of the renal medulla wae demonstrated in 
rate after flights aboard biosatellites, No other changes had been found. 


It is very important to study renal function and reactions to administra- 
tion of hormones and loads (in particular, water and potassium) in order 
to comprehend the regulatory syateme [52]. With euch an approach, the 
kidneys can be used as sort of amplifiers, reflecting the essence of 
endogenous processes. The kidney is a fine indicator, which detects 
minimal changes and rapidly corrects them in order to maintain an optimum 
endogenous environment. One would think that it will be very important 
to use equipment for rapid determination of the composition of excreted 
fluid during long-term flights, for the purpose of analyzing processes 

in the body and promptly solving the problem of preventive measures. 


The duration of man's exposure to weightlessness does not affect the condi- 
tion of different physiological systems in the same way. At the early 
stages, redistribution of blood and vestibular disorders are of the 
greatest importance. Subsequentiy, the body adapts, the above changes 
revert to normal, but then changes begin to appear in the skeletomuscular 
system, which are attributable to the absence of gravity. These changes 
affect both the bones and muscular system. It is possible to curb some- 
what the development of atrophic processes in most guscle groups by means 
of intensive physical exercise. 


in our opinion, the changes in fluid-electrolyte metabolism are a reflec- 
tion of the changes that are caused by weightlessness in the above-mentioned 
physiological systems and neuroendocrine mechanisms involved in these pro- 
cesses. In a very schematic form, it can be assumed that intensified loss 
of fluid, sodium and chlorine at the first stage of exposure to weight less- 
ness is the consequence of inevitable redistribution of blood; increased 
excretion of potassium and its negative balance serve as a manifestation of 
progression of atrophic processes and change in cell metabolism. Increased 











calcium excrecion ia due to impairment of normal metabolism of bone tissue, 
Finally, the negative balance of magnesium, phosphorus and sulfur te 
probably related to changes in both bones where these electrolytes are 
deposited and celle in a number of tiesues, If this scheme is valid, the 
main line of preventive measures should take into consideration duration of 
exposure to weightlessness, as well as the causes of changes in fluid-elec= 
trolyte metaboliem, During flights, the chief preventive measure should 

be to counteract development of atrophic processes, At the first and final 
phases of flight, agente that have opposite effects on the volume of extra= 
cellular fluid are probably indicated, and this should alleviate signifi- 
cantly the acute period of adaptation to weightlessness and readaptation to 
earth's gravity. As we have already noted, use of such preventive 

agents prior to landing the spacecraft yielded beneficial results, 


The studies that have been conducted enable us merely to describe the 
statue of the problem, Unquestionably, there is a need for in-depth 
analysis of metabolism of macro= and trace elements during weightlessness, 
evaluation of the distinctions of individual reactions and development of 
preventive measures for each phase of flight. The study of fluid-electro~- 
lyte metaboliem, which yielde an integral evaluation of several physiologi- 
cal systems, is important to an overall evaluation of the functional state 
of cosmonauts and determination of permissible time of man's exposure to 
weight lessness, 
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[English abstract from source] 


The paper reviews the Soviet and foreign literature on the pharmacolo ical support 
ol man space flights with emphasis on pharmacological prophylaxis an therapy of 
adverse effects of the space environment The paper discusses future development of phar 
inacolugical studies as pari of space medicine 


[Text] Much importance is attributed in the problem of assuring the 
safety of manned space flights (SF) not only to developing sets of phy- 
sical preventive measures (exercises on simulators, electrostimulation, 
LBNP [lower body negative pressure), compensating suits, etc.), but to 
prevention of functional changes, as well as treatment of possible 
diseases with pharmacological agents. 


1, Main Directions of Pharmacological Research in Space Medicine 


A summary of the findings of medical monitoring and tests during SF, made 
by a team of specialists [1], revealed that exposure to SF conditions leads 
to changes in some physiological parameters, which include changes in 
functional state of the cardiovascular system, appearance of a set of 
symptoms similar to motion sickness, change in fluid-electrolyte balance, 
decreased mineralization of bone, changes in some biochemical parameters, 
reduction of muscle mass and body weight, anemic syndrome, diminished 
immunobiological activity, and others. All of these phenomena are 
reversible, 


The question of using drugs in space medicine to prevent and treat the 
above adverse effects on the crews of manned spacecraft is the subject of 
animated discussion in the Soviet and foreign literature [2-12]. 


In view of the specific distinctions of the work of crews of aircraft, 
as well as conditions under which drugs may be taken by cosmonauts, a 
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number of authors have raised the question of the need to create a new 
branch of pharmacology, space pharmacology [4-7], or more precisely 
aviation and space pharmacology. 


The effects of weightlessnes, which mankind encountered for the first 
time, are diverse, while the pathogenetic mechaniems of occurrence of 
some of them [13, 14] have yet to be demonstrated and defined, The 
severity of these phenomena is quite variable, It depends on the dura- 
tion of SF, and it is largely determined by the individual listinctions 
of cosmonauts, 


Extremely valuable information about the effects on man of weightlessness 
and other SF factors was obtained in the course of actual SF and as a 
result of examining cosmonauts during and after flights. Extensive 
studies with simulation of SF factors are also being conducted on the 
ground, 


Unlike medical monitoring of man's physiological functions during a real 
flight, in the case of simulation of the biological effects of SF factors 
(each one separately, as well as combinations of factors), it is possible 
to conduct studies on different levels of organization of biological sys- 
tems with the use of the latest methodological procedures, 


The methods of modeling and simulating the effect of weightlessness on 
the body under ground-based conditions were systematized and submitted to 
critical analysis [14]. One of the means of simulation is to use pharma- 
cological agents to exclude muscular function (muscle relaxants) in order 
to obtain functional disturbances of skeletal muscles and metabolic pro- 
cesses in muscles [15]. As for modeling the other SF factors (radiation, 
accelerations, altered gas environment, etc.), it is technically feasible 
to reproduce them over any range and on all levels under ground-based 
conditions. 


The medical kits aboard Soviet and American space craft contained a 
relatively small assortment of drugs referable to the groups of cardio- 
vascular, analeptic, analgesic, peychotropic, antibiotic agents, drugs for 
the prevention and treatment of "seasickness," vitamins, etc. 


Drugs referable to the group of efficiency stimulators were first used 
during missions aboard the Apollo 7 and Apollo 8 spacecraft. 





There were only 12 products aboard the American spacecraft, Gemini 7. 
Subsequently, the onboard medicine kits progressively increased in size, 
in both Soviet and American spacecraft [16-18]. There is also no ques- 
tion but that the assortment of drugs in future SF will grow, as indi- 
cations for use thereof are defined, afterthey have been substantiated 
experimentally and submitted to special clinical trials. 


However, it must be noted that the drugs traditionally used by physicians 
for diverse forms of pathology and functional disturbances cannot always 
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yield the desired preventive or therapeutic effect under such unusual condi- 
tions ae SF, aince the pharmacodynamics of drugs, reactivity of the body 

and pathophysiological mechaniema of the effect of weightlessness have not 
yet been fully disclosed, There ie an obvious possibility of developing 

new agente for use under specific conditions of human vital function, 

which have the capacity to normalize physiological functions impaired by 

the habitat, which cannot be qualified as development of a pathological 
process, but which could prevent or make difficult the performance of 
programs or present a threat to man's health and safety during and after SF. 


In accordance with the established practice of supporting SF, there are 
several stages: the period of preparing cosmonauts, lift-off and going 
into orbit, free SF, prelanding and landing periods, aud support of the 
crew after returning to earth [6]. There are specific distinctions to 
the tasks of experimental and clinical pharmacology, depending on the 
phase of SF. 


In the preflight period, determination is made of the assortment and 
amount of drugs required to support the SF, depending on the duration of 
the mission, its objectives and nature. It must be borne in mind that 
support of space missions with drugs is based on data referable to the 
prediction of functional disorders and probability of diseases with 
consideration of duration of SF, number of crew members and other condi- 
tions {[18, 19]. In this case, one should adhere to the principle of 
extra supplies, not only with regard to amount and assortment of drugs, 
but with consideration of increasing their therapeutic "capacity," inter- 
changeability, etc. [18]. Studies are made of individual drug tolerance, 
possible side effects (allergy, reverse effects, etc.). The cosmonauts 
are informed about the rules for drug intake, indications and contra- 
indications. Special attention must be given to the possibility of an 
allergic reaction to drugs, determination of tolerable dosage for single 
and repeated intake. In the event of an adverse result of testing a 
product or combination of products, they are excluded from the medicine 
kits and replaced with others that are well tolerated. 


During this period, particular importance is attributed to consideration 
of changes in reactivity to drugs in weightlessness and in the postflight 
period, when the gravity factor is again present. 


There has been previous discussion of the changes in reactivity of mammals 
to drugs in an altered gas environment, in the presence of accelerations 
and radiation [4-7, 20). 





it is becoming particularly important to test reactivity to drugs when 
simulating weightlessness, which determines the choice of dosage for the 
program of intake of a product during an actual flight. In view of 
methodological difficulties, this matter has still been studied very little. 
There are only a few publications, which report experimental findings on 
sensitivity of the body to drugs against the background of hypokinesia as 
an approximate model of weightlessness [7, 21-26]. 
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The data obtained from animal atudies do not solve the problem of choice 

and program for intake of durge during SF and with exposure to other experi- 
mental factors, and they are indicative of a need to conduct new studies 

in this direction under experimental and clinical conditiona, 


In this regard, of great interest is a atudy of the distinctions of the 
effect of a combination of stimulants (caffeine + atrychnine + phenamine) 
given to individuals who spent a long time under conditions of clinosatatic 
hypokinesia [27]. 


It should be noted, once more, that in-depth studies of reactivity of the 
body to intake of drugs, with due consideration of changes therein during 
long-term SF, are necessary for ecientific justification of recommendations 
concerning dosage and modes of administration of druge for preventive or 
therapeutic purposes during SF [7]. 


We should dwell in particular on the prevention of infections in the pre- 
flight period. A number of authors [6] believe that the main task is to 
rid the organism of potentially pathogenic microorganisms situated on the 
skin, mucosa of the mouth, nose and respiratory tract, with concurrent 
disinfection of the gastrointestinal tract, Development of resistant 
forms of microorganisms, superinfection and side effects from preventive 
and therapeutic agents (chemotherapeutic products, antibiotics) presents 
a danger during long-term SF, due to decline of general reactivity. 

These authors justifiably recommend that drug forms of antiseptics, dis- 
infectants and other agents suitable for use in weightlessness, with due 
consideration of individual distinctions of cosmonauts' microflora, be 
developed. These matters are the subject of research by specialists in 
the field of biopharmaceutics. 


There are very many works dealing with the biological bases of gravitation, 
and they are covered the most thoroughly by A. G. Smitt [28], P. V. 
Vasil'yev and A. R. Kotoveskaya [29], in a joint Soviet-American publication 
with extensive Soviet and foreign bibliography (247 and 250 items, res- 
pectively). 


There has been previous comprehensive discussion [6, 7] of the questions 
and problems of pharmacological support of lift-off and landing of manned 
spacecraft with due consideration of the effects of accelerations, vibra- 
tions and other factors. In these works, there was analysis of studies 

of the means of enhancing resistance to the gravity factor, which were con- 
ducted in our country and abroad. From the pharmacological point of view, 
development of cardiovascular agents, use of antihypoxia agents and sub- 
stances that prevent elevation of pressure in pulmonary vessels, reduce 

the tonus of the bronchi and secretion of bronchial glands are promising. 


Of course, the development of special drugs for intake in the presence of 


accelerations should be combined with refinement of technical means of 
protection against them. 
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2. Pharmacological Support of SF 


The biomedical studies conducted on the ground and during missions of 
the Salyut and Skylab orbital stations yielded extensive information about 
man's reactions to long-term weightlessness and other SF factors, 


There are data pertaining to the reactions of different physiological sys- 
tems or the entire body at different phases of SF and in the postflight 
period, This made it possible to describe in general terms the main 

sets of symptoms that are distinctly manifested during SF and that require 
development of preventive and therapeutic agents [13]. 


Motion sickness: The set of symptoms that is outwardly similar to 
that of seasickness is known under the name of “motion sickness" (MS), 
"kinetosis" and “seasickness,." This syndrome, which is more or less marked 
in different cosmonauts, usually appears within the first 7 days of SF. 

It has been described in detail previously in relation to development of 
preventive agents [7]. In spite of the rather rapid adaptation of the 
vestibular analyzer to weightlessness, the manifestations of MS have a 
significant effect on performance and vital functions of spacecraft 

crews during the importnat first phase of an orbital flight. Symptoms of 
illusory sensations and MS in flight were noted in virtually all 33 Ameri- 
can cosmonauts and the crew of the Apollo spacecraft. There was an 

attack of MS during the third flight aboard Skylab. Analogous changes in 
vestibular reactions were also observed during the flights of Soviet 
cosmonauts [13]. There is an extensive Soviet and foreign literature, 
which was recently analyzed [30], dealing with the etiopathogenesis of MS. 


Many products and combinations thereof have already been tested as means 

of preventing and treating MS [7, 31-34]. The success of a rational search 
for agents to control seasickness is largely related to a proper choice of 
experimental method. 


As applied to man, the method of quantitative evaluation of the efficacy 
of drugs is the most informative, when tests are made in a slowing revolv- 
ing system [35] and the double blind method is used. 


It must be noted that there are special requirements, which limit the 
choice of agents, that are made of products intended for the prevention 
and treatment of vestibular disturbances in man when he is in spacecraft 
and other moving systems that require a high precision to control them, 

At the same time, it is obvious that such products must be developed by 
means of combining drugs referable to different classes. This is all the 
more understandable, since a set of physiological and biochemical factors, 
the essence of which has not yet been identified, plays the leading role 
in the pathogenesis of MS [36]. 


Graybiel [37] considers the following to be the most important conditions 
for studies dealing with the search for products to prevent MS: screening 
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of clinically healthy subjects to be used in such studies, reliable record- 
ing of linear and angular accelerations, standardization of laboratory 
conditions, measurement of evoked reactions, use of appearance of vomiting 
as a criterion of the range of resistance to MS and mandatory use of a 
double blind control when testing druge. 


Functional changes in the cardiovascular system in SF; The 
firet American cosmonaut-physician, Kervin stated [38]: "When man finds 
himself in weightlessness, he begins to feel very distinctly that profound 
changes are taking place in his body. There is the strange sensation of 
filling of the head, nasal congestion, and speech acquires a nasal tone. 
The faces of his comrades appear puffy." 


Deconditioning of the cardiovascular system is typical of SF and prolonged 
hypokinesia. 


Hyperemia of the face, development of edema of the nasopharynx and facial 
tissues in weightlessness can be attributed to redistribution of blood [39]. 


A large group of American specialists [40] believes that appearance of the 
above changes under the effect of prolonged bed rest and in SF is related 
not only to a low hydrostatic pressure, but muscular atrophy, decreased 
efficiency of the muscular pump and decreased volume of circulating blood 
perceived by baroreceptors. 


All these changes can be qualified as development of deconditioning of the 
cardiovascular system during SF and prolonged bed rest in antiorthostatic 
[head down) position [41]. 


In general, the tasks for pharmacology and its role in the prevention and 
treatment of cardiovascular changes can be formulated as the search for 
agents to normalize the redistribution of blood, eliminate stasis in the 
basin of the pulmonary circulation and circulatory system of the brain, 
prevention of functional cardiac disturbances, enhancement of orthostatic 
stability, etc. The study of the use of drugs in a set of therapeutic 
and preventive measures merits special attention. Here, evaluation of 
agents used to prevent and treat arrhythmia, cardiotonic agents, sub- 
stances that affect the energy resources of the myocardium is of serious 
importance. For example, it has been demonstrated that Isoptin enhances 
man's physical fitness in the presence of antiorthostatic hypokinesia, it 
improves functional parameters of the cardiovascular system and ortho- 
static stability [42]. 


In view of the role of adrenergic regulation of circulation, in particular 
cerebral circulation [43], of great interest to space pharmacology are 
drugs in the group of a- and B-adrenoblocking agents, sympatholytic, myo- 
tropic agents and rational combinations thereof. Products with a 6-adreno- 
blocking action are considered to be agents that prevent myocardial infarc- 
tion or cardiac rhythm disorders in the presence of prolonged emotional 
stress [44] and orthostatic instability. 
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The skeletomuscular system: Muscu'ar atrophy and decrease in volume 
of musculature occur in weightlessness and with different forms of pro- 
longed hypokinesia, Gradual atrophy of skeletal muscles is one of the 
most consistent consequences of weightlessness [45], 


It has been demonstrated that during SF and prolonged hypokinesia the 
bones are decalcified, and this ie a typical manifestation of atrophy of 
skeletal tissue [46-50], 


In a survey dealing with the effects of weightlessness on the human skele- 
ton [49], the authors estimated that during SF a loss of Ca constituting 
1=2% per month will take place continuously for 1 or several years. The 
opinion is held that Ca loss may affect the mechanical strength of the 
skeleto. [51], and becuase of increased passage of Ca into blood it can 
lead to functional disorders of cardiac automatism, conduction of excita- 
tion, blood coagulation, etc, (52, 53]. 


There are three basic possibilities of affecting processes of decalcifica- 
tion of skeletal bones during prolonged hypokinesia: balanced diet, 
physical exercise and drugs. 


At the present time it has been shown that there is an imbalance between 
metabolism of Ca in labile and stable components during prolonged hypo- 
kinesia: reduction of the rapidly metabolized stock of mineral salts in 
bone tissue and onset of relative and absolute prevalence of the slowly 
metabolized stock. Development of osteopathies with retention of support- 
ing function of the skeleton during prolonged hypokinesia is attributable 
to inhibition of osteogenesis, which leads to atrophy of the bones, as a 
result of activation of resorptive processes with concurrent depression 

of bone tissue synthesis [54]. 


It may be assumed that muscle tone is an important factor in changes in 
Ca metabolism, since there is a satisfactory correlation between extent of 
osteoporosis and changes in muscular mass, 


As we know, Ca metabolism in the body is controlled by parathyroid hormone 
(PH)and thyrocalcitonin (TCT). 


Taking into consideration the mechanism of action of these hormones, efforts 
were made to provide experimental justification for use thereof as the 

means of prevention of disturbances of Ca metabolism during hypokinesia 
[54-60]. 


The cited studies are indicative of the need and potential of searching 
for pharmacological agents to normalize Ca metabolism in the body. How- 
ever, the combined effect of isometric exercises, physical work-out with 
the use of drugs affecting mechanisms of development of functional changes 
in the skeletomuscular system in weightlessness will probably be found to 
be the most effective, 
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Changes have been demonstrated in fluid-electrolyte metabolism during SF 
(13, 61, 62). We must mention activation of glucocorticoid function of 
the adrenal cortex during flights, as confirmed by an appreciable in- 
crease in excretion of 11-HCC [hydroxycortisteroids] and total 17-HCC 

in urine, Analogous findings were made in studies involving long-term 
antiorthostatic hypokinesia [63, 64]. Use of a set of pharmacological 
agents (strychnine, ephedrine and phenibut) under hypokinetic conditions 
attenuated the above hormonal changes [64], 


After participating in flights varying in duration, cosmonauts presented 
marked dehydration and loss of electrolytes as a result of increased 
diuresis and excretion of sodium during the flights. Fluid loss is one 

of the causes of weight loss, which was demonstrated after flights and 
after termination of studies with simulation of the effects of weightless- 
ness [13, 61, 65]. These phenomena are associated with electrolyte 

loss, in particular, Na, K and Cl [39, 66, 67]. 


In the opinion of a number of specialists [68-70], one of the main causes 
of fluid loss in flight is increased diuresis as a result of depression 
of ADH secretion and aldosterone production, which leads to an increase 
in permeability to fluid of the distal segments of the nephron and an 
increase in excretion of water. ‘his view was corroborated in ground- 
based studies with simulation of the effects of weightlessness [71, 72]. 


Vasopressin (pitressin) [73], which by activating hyaluronidase increases 
the permeability of the walls of renal tubules to water, causing reabsorp- 
tion thereof in peripheral segments of the nephron [74], was tried as a 
means of normalizing some parameters of fluid-electrolyte metabolism under 
hypokinetic conditions. It must be borne in mind that vasopressin in- 
hibits diuresis only if there is hyperfunction of the kidneys [75]. 


Tests were made of 9~%fluorohydrocortisone (9-FC) (55-57, 76, 77] to 
restore fluid-electrolyte metabolism, prevent plasma and weight loss, 
and eliminate other changes caused by bed rest. 


There is information to the effect that pituitrin R, DOKA [perhaps typo 
for DOKSA--desoxycorticosterone acetate?] and nerobol [methandrostenolone | 
are beneficial to fluid-electrolyte metabolism [65]. 


Thus, the problem of developing pharmacological agents for the prevention 
and treatment of changes in fluid-electrolyte balance and other metabolic 
changes in man during SF has not yet been solved. 


Performance stimulators: There are studies of this problem, which 
have been analyzed in several works [7, 78-80]. 


Among the most popular and active stimulants of efficiency and operator 


performance, we shoild include phenamine, centedrin (ritalin, meridil), 
reactivan, mefaxamide, duklidin, panklar, katovit, tosolin and others. 
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These agents (particularly the phenylethylamine derivatives) have been 
studied rather well, and they are used extensively as performance 
stimulants, 


V. M. Vinogradov believes that phenamine may be used as a means of "emer- 
gency" increase in efficiency, mainly in cases of a "nervous" rather than 
"muscular" nature [6]. 


In recent years, there have been reports about a new class of stimulants, 
a representative of which is gutimin [guanylthiourea] [6, 81]. 


With regard to phenylethylamines as stimulants, ephedrine has been given 
unjustifiably little attention, 


Although strychnine is usually not given as a stimulant, there are data 
indicative of its capacity to enhance the body's resistance to SF factors 
[82], as well as physical loads [83]. For this reason, we consider it 
justified to continue with experimental studies of the stimulating pro- 
perties of ephedrine, strychnine and combinations thereof [84], 


The general tonics, such as ephedrine, strychnine and caffeine, are quite 
physiological. Their main action is directed toward stimulating meta- 
bolism and efficiency of the body [85-88]. 


The problem of increasing efficiency by means of pharmacological agents is 
not limited to the search of only synthetic stimulants. In the last 10 
years, there has been a tendency toward the study and use of tonics of 
plant and animal origin during intensive physical exercise [89-91]. 


Interest is growing in compounds that enhance production of energy, sub- 
strates of biochemical processes and vitamins as stimulants. This is quite 
understandable, since the expenditure of compounds with a macroergic bond 
in functional systems is one of the chief causes of fatigue. 


Stimulants, adaptogens and "mild" tonics are recommended when it is 
necessary to increase the efficiency of cosmonauts. 


In the event of a need to drastically increase efficiency, one may consider 
the use of "superdoping" agents, adaptogens and agents that stimulate 
redox processes in tissues. 


We cannot rule out the use of pharmacological agents when the cosmonauts 
return to earth after long-term missions [3, 92]. 


Evidently, long-term space flights will be associated with relative social 
isolation, gradual decline of interest in the surroundings due to habitua- 
tion to them, monotony, change in physical condition under the influence 
of weightlessness and change in the general correlation between various 
modalities of sensory information [40]. 
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These phenomena, which reflect signe of nervous and emotional tension, 
as well as fatigue, have not yet had an appreciable effect on the out- 
come of flights. 


Laboratory studies of the effects of isolation revealed sleep disturbances, 
The severity thereof increased with increase in duration of isolation [40], 
There are reports of some changes in sleep of cosmonauts who participated 
in long-term missions (93), 


There has been rather comprehensive study of the question of developing 
paychosedative agente (7, 80]. It must merely be noted that, in choosing 
psychosedatives, one should give preference to agents with minimal or 

no adverse effects on the speed and accuracy of mental reactions, on the 
parameters of cardiovascular function and muacle tone. 


Weightlessness and related changes in impulsation from proprioceptive 

and exteroceptive receptors, as well as altered afferentation from 
muscles [94], are the chief factors that could cause substantial changes 
in the quality and duration of man's sleep during SF, correlation between 
ite stages and depth, in addition to the distinctions of the work and 
rest schedule. 


Of the large group of hypnotics, for use during SF preference should be 
given to agents that affect mainly the falling asleep phase and induce 
sleep that is as close as possible to physiological sleep [6], as well as 
to "daytime" tranquiliziers, which can be viewed as the “hypnotics of 
choice." It is believed [7] that sedatives with moderate duration of 
action are the most promising for intake during SF. Long-acting sedatives 
have side effects, due to their slow elimination and accumulation in the 
body. 


One should adopt a very cautious attitude toward the use of sedatives, 
particularly under SF conditions. Many of them alter significantly the 
nature of an individual's typical sleep, and not infrequently they 

lead to loss of effect after prolonged intake [97]. 


Thus, the data available to date are indicative of the possibility of 
making effective use of drugs to enhance resistance to the extreme SF 
factors. At the same time, the choice of drugs for onboard medicine 
kits requires experimental substantiation, with due consideration of 
the possible specifics of their effects on the body in weightlessness, 
possible side effects, mode of intake, shelf life, possibility of 
being taken many times, etc. It is also imperative to synthesize new 
specific agents followed by the laborious process of experimental and 
clinical studies thereof. 


It must be borne in mind that we did not discuss here analgesics, anti- 


pyretics, antihistamines, radioprotective, antitussive, anesthetic, 
laxative and other drugs, liquids for parenteral injections, that have 
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been and will continue to be included in the onboard medicine kits. There 
are publications by Soviet and foreign authors on these questions [5-7, 9, 
18, 96-99), But, even with regard to the above-mentioned special problems 
of space pharmacology, special studies of the specific conditions of 

apace flights are needed, 


It must be stressed that the advances in space medicine have helped solve 
a number of problems of medical science as a whole [1]. Thies applies to 
determination of the boundary between normal and pathology, refinement 

of methods of expert evaluation of man's health status, development of 
miniaturized and precise equipment with continuous biotelemetric trane- 
mission of information, etc, There is no question but that space pharma~- 
cology will also make its contribution to the development of experimental 
and clisical pharmacology. 
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[Article by 8. I. Stepanova, submitted 29 Oct 79) 


[English abstract from source] 


The concept of biorhythmological status of the human body understands it as a sun 
total of biorhythmological characteristics of the organism The status is discussed in two 
aspecis: constancy and variability of circadian rhythms of vital functions. The relationship 
beiween the (wo parameters is described in the light of a hierarchic structure of the circa 
dian system. The dependence of stress-resistance upon integrity and level of organization 
of the circadian system is ascertained The importance of assessment of biorhythmological 
status for proper cosmonaut selection is emphasized 


[Text] The dialectical unity of mutually exclusive elements of vital pro- 
cesses--anabolism and catabolism, building and destruction--is manifested 

in the rhythmic nature of functions on levels of living organisms [1]. 

From the standpoint of organization of vital processes in time, the organism 
is a system of rhythms having the most varied periods, ranging from frac- 
tions of a second to several years. In man, the circadian rhythms, which 
have a period that corresponds to the 24-h cycle of activity-<sleep and 
waking cycle, are the leading and best studied ones. There is reason to 
believe that all of our functions are governed by circadian rhythms. It is 
expressly this universality of the circadian rhythm, ite involvement in all 
vital processes, that caused the distinction of circadian rhythms in a 
separate group, close studies thereof, and on the basis of the latter the 
conception emerged of the organism as a system of circadian rhythms. It is 
expressly within the framework of such a conception that the concept of bio- 
rhythmological status of the organism was formulated. 


The results of :umerous studies of circadian rhythms of man and animals 
revealed that the elements of these rhythms are subject to appreciable indi- 
vidual variations within the framework of the same biological species. It 
was noted, in particular, that the circadian system does not change at 

the same rate in different individuals after there is a shift in the phases 
of the sleep--waking rhythm: some adapt to such shifts faster, others more 
slowly. Similar findings have beer made with regard to adjustment to 
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working in shifte and at night: some people adjust easily, while others 
experience considerable difficulties, get sick and ultimately change to 
daytime work, Evidently, the circadian system of individuals who adapt 
well to changes in the sleep-waking cycle is more flexible, Since unusual 
schedules were used in manned space flights until recently, of course 
individuals with a flexible circadian system were the most suitable to 
participate in them, However, the direct method of assessing flexibility 
{mobility, lability] requires much time (the phase of the sleep-waking 
rhythm must be shifted, then the adaptation process has to be monitored 
for 23 weeks), Consequently, one must search for other criteria of 
flexibility. In the course of our work, the hypothesis was expounded that 
the individual degree of coordination of circadian rhythms and proper 
correlation between them have a direct bearing on flexibility of the 
circadicn system, In very general terms, it was believed that well- 
organized and orderly function of the system of vital rhythms, including 
great flexibility of this system, depends on the quality of each rhythm in 
this system, stability of quantitative characteristics of its parameters 
as recorded from cycle to cycle and, primarily, on the stability of the 
position of acrophases on the time scale, From this vantage point, which 
we adopted initially, good reproducibility of the parameters of circadian 
rhythms in the course of long-term observation is an indicator of coordina- 
tion of the body's circadian system. In our studies, this property was 
named constancy and in the work of Cornelissen et al. [2], biostability. 


Thus, according to our initial conceptions, a circadian system with con- 
stant rhythms should, other conditions being equal, be more flexible 

than one with labile rhythms. However, the results of subsequent 

studies revealed that one should approach evaluation of the correlation 
between constancy and lability with consideration of the hierarchic struc- 
ture of the body's circadian system. According to current conceptions of 
the circadian hierarchy, there is a master rhythm [driving rhythm] or, 
perhaps, a group of master rhythms at its top, which control subordinated 
following rhythms. The purpose of the master rhythms is to link the 

body with the outside world, with phasic synchronization of vital rhythms 
with physical ones and, when dealing with man, social timers. The phases 
of the master rhythms are controlled by timers, while those of the 
following rhythms are adjusted by the master rhythms, which transmit 
exogenous signals to underlying "stories" [levels]. This transmission 
occurs successively, from one level of the circadian system to another, 
from higher ones to intermediate ones, and from them to the deepest 
"hidden" processes. The speed of transmission of control signals from 

top to bottom is determined by the coordination of the transmitting system 
and good coordination of the function of all its elements. 


From the standpoint of optimum function of the body's circadian system, 
there are various requirements made of the constancy of master rhythms 
and followers. Master rhythms must be sensitive to exogneous signals, 
capable of rapidly responding to these signals by changing numerical val- 
wes of its parameters, i.e., they must be quite labile, for successful 
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communication between the environment and the body. On (he other hand, 
the speed of the body's reaction to a change in parameters of the pace- 
maker is all the higher, the more stable the correlation with following 
rhythms in the realm of which transmission of the signal from "story to 
story" chiefly occurs, The stability of thie correlation is determined 
by the degree of their constancy. A high constancy of following rhythms 
provides for rapid and accurate transmission of signals from one level 

of the circadian system to another, rapid adaptation of the body to a 
new position of the timer phase, However, it would hardly be correct to 
believe that the adaptive capabilities of the circadian system increase 
with increase in lability of master rhythms and constancy of rhythm 
followers, Such a conception erects a barrier between the two "stories" 
of the circadian system, separates them and creates the impression that 
they are functionally divided, Evidently, all of the “stortes" on the 
hierarchic ladder of circadian rhythms are subject to reciprocal influence: 
the lability of master rhythms that are closely linked with rhythm 
followers is transmitted in part to these subordinate rhythms. The 
following rhythms, which interact with the master rhythms, impart their 
constancy to the latter to some extent. One would think that the perfec- 
tion of functional organization of the circadian system is attributable 
to a certain correlation between lability of the pacemakers and constancy 
of following rhythms, a combination of rather high sensitivity of the 
system to exogenous signals, rather distinct and rapid transmission of 
these signals to the lower "stories." 


The conception of master and following rhythms was developed by 
Pittendrigh, who wrote that "... the role of a light-sensitive master 
{driving} oscillator consists of maintaining (perhaps with the involve- 
ment of some other systems) the necessary phasic correlations in the rest 

of an organism, which is done by extending all other oscillations" [3, p 87]. 


This conception corresponds in essence to the thesis of P. K. Anokhin, 
which he formulated, it is true, on a somewhat different plane. According 
to this thesis, "... the functional system contains at least two categories 
of physiological mechanisms with very different physiological properties. 
One of them contains mechanisms that are extremely conservative ... and 
relatively conservative.... Other key mechanisms of the system ... 

are extremely flexible..." [4, p 36]. 


A differentiated approach to evaluation of constancy, with consideration of 
the place of the rhythm under study in a controlling or subordinated 
element of the circadian system of the body enables us to understand why 
some authors find a positive correlation between constancy and mobility 

of the rhythms studied, while others, on the contrary, find it between 
lability and mobility. On this basis, one can assume that the former 

are dealing with following rhythms and the latter with master rhythms. 


It must be stressed once more that the circadian system is best organized 
when a rather high constancy of following rhythms is combined with rather 
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high lability of master rhythms, The following principle is entirely 
valid for such a system: the better the system is organized, the more 
adaptive it is, A. B. Georglyevakiy et al, write that "The better organ- 
ized systems are usually also better adapted; in other words, adaptation 
emerges as a criterion of degree of organization and vice versa" [5, p 59]. 
Here, the authors indicate that the concept of "organization" does not 
refer to morphophysiological structure, but to the orderliness of inter- 
action within the system and with the conditions surrounding it. From the 
standpoint of this principle, a well-organized circadian system must be 
highly adaptable, not only to a shift of the sleep-waking cycle, but to 
any stressor that disrupts the phasic architectonics of circadian rhythms. 
In other words, a well-organized circadian system must be resistant to 
desynchronosis caused by any stress agent, including such serious agents 
in spac. as weightlessness. 


lt is believed that the mechanism of the biological clock that controls 
circadian rhythms of the body is located in the hypothalamus. Several 
researchers classify the sleep-waking rhythm as a master’ rhythm, 
attributing prime significance to it in regulating circadian biological 
rhythms. However, is it valid to speak of an extremely "rigid" hierarchic 
structure of vital rhythms of the body, independent of the specific 
conditions of its existence and, consequently, of the unchanging location 
of each rhythm in this structure? This is unlikely. Evidently, the 
circadian system of the body, like every other one, is flexible, and 

this flexibility is manifested, in particular, by the fact that the 
place of the rhythms on the hierarchic ladder changes, depending on the 
concrete conditions. If, in our everyday life, we go to sleep and wake 
up on the basis of internal influences reflecting the daily dynamics of 
intimate processes in the body, it is apparent that the rhythm of these 
influences is primary in relation to the sleep-waking rhythm, A different 
situation arises after a transmeridional flight: the internal inducements 
to sleep and stay awake no longer conform with local time, and one has 

to plan one's sleep-waking schedule in spite of these internal signals 
for speedy adjustment to the new living conditions: one must go to bed 
and get up when it is required, rather than when one wants to. In this 
case, the appearance of a new rhythm of activity and rest occurs by means 
of volitional commands to onself, which compel one to go to bed and 

get up at an unaccustomed time, requiring active wakefulness and rest, 
in spite of how one feels. Thus, the newly formed rhythm of mental pro- 
cesses advances to the head of the circadian hierarchy; this is the pro- 
cess that controls the rhythm of activity and rest which, in turn, becomes 
the driving rhythm for all other rhythms of the body, inchuding the most 
intimate ones. After completion of adaptation, there is restoration of 
the original hierarchic structure of circadian rhythms, Of course, 

such a conception of flexibility of the circadian system is hypothetical 
to some extent, 


It must be noted that the constancy of the circadian system of the body 


fluctuates over a seasonal rhythm, Numerous experimental data obtained 
from studies of animals and man made it possible to formulate the conception 
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of so-called seasonal physiological desynchronosis, according to which 
there is a decrease in constancy of the circadian system of people who 
live at temperate latitudes in the transitional times of the year, in 
the spring and fall, and an increase in contrasting seasons, summer and 
winter [6]. One would think that seasonal physiological desynchronosis 
is associated with decrease in the body's resistance to deleterious 
factors, and that it causes exacerbation of chronic diseases in indivi- 
duals who suffer from them (for example, duodenal ulcer), Interestingly 
enough, the physicians of past years apparently knew that the well-being 
of an individual could worsen in the spring and fall, and they recommended 
"general cleansing" of the body in the spring and autumn [7, p 149]. 


On the basis of conceptions of individual levels of lability and constancy 
of the circadian system, a general concept was formulated of the individual 
biorhythmological status of the body as an aggregate characteristic of 

its biorhythmological distinctions, Mobility [lability] and constancy are 
different aspects of the biorhythmological status which, of course, do 

not limit the content of this concept. The conceptions that are being 
developed concerning the biorhythmological status can serve as the 

basis for practical measures referable to biorhythmological screening of 
cosmonauts who are the most resistant to the stress factors of space 
flights, meaning not only a shift in the phase of the sleep-waking 

rhythm, but others, including weightlessness. At the present time, not 
only theoretical, but applied approaches have been worked out to assess 
constancy, which make it possible to express it quantitatively [8]. 
Evaluation of constancy, lability and (which is even more important) 
general adaptability of the body, its resistance to "space" stressors must 
be included in the screening program for candidates for space flights. 





Another very important distinction of man's individual biorhythmological 
status is the relation of his maximum efficiency to a given time of day. 
People can be divided into three types according to this feature: 
"larks," who have peak efficiency in the morning, “owls,” who have peak 
efficiency at night, and individuals with maximum efficiency in the 
middle of the day. Determination of this individual biorhythmological 
distinction of each crew member will make it possible to set up the 

most rational work schedule for each of them, having the most responsible 
operations coincide with the period of their peak efficiency. 


The question of biorhythmological screening of cosmonauts is acquiring 
particular urgency in view of the increased duration of manned flights 
and prospects of exploring planets in the solar system. It is a pressing 
task for space medicine to implement it in practice, 
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STUDY OF THE COMBINED EFFECT OF ANTIORTHOSTATIC POSITION AND LBNP ON MAN'S 
TRACKING ACCURACY AND SPATIAL ORLENTATILON 
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Taranenko, submitted 13 Feb 79] 


[English abstract from source] 


Teal subjects enpoes d to a head down till at 30° tor an hour participated in the 
‘ Xj runent The use oO 1 BNP during lilting improved precision of attrow orientation on the 
round shaped screen (during continuous tracking) but did not influence orientation rela 
live to the @ravitational axis and the long axis of the body selective effect of LBNP 
on the orientation can be attributed to the increased importance of inner coordinates due to 
ihe pressure of interior walls of the LBNP suit on the foot surface. and blood pooling in 
the de pendent part of the body 


[Text] Previous studies revealed that a prolonged stay in antiorthostatic 
[head tilted down] position causes man to make more mistakes in spatial 
orientation. Deterioration of accuracy of orientation was attributed to 
stimulation of mechanoreceptore by the hydrostatic pressure of the 

column of blood in static zones [1]. If the hemodynamic changes are 

viewed as one of the causes of spatial illusions during space flights [2-4], 
factors that normalize the distribution of blood in the body could be 

used as an effective means of eliminating or attenuating symptoms of 

spatial disorientation. 


On the basis of the foregoing, our objective was to investigate the possi- 
bility of compensation of sensory changes caused by antiorthostatic posi- 
tion (as a model of weightlessness) by means of LBNP [lower body negative 


pressure], 


Methods 


We used the following functional tests of spatial orientation: accuracy 
of setting an indicator pointer in relation to a turning reference pointer, 











Effect of antiorthostatic position, LBNP and position of display pointer in relation to 


operator on his tracking performance 
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gravitational vertical and longitudinal 
axis of the body, a8 well aa accuracy 
of subject's evaluation of his position 
in relation to the horigontal line, 


To study tracking performance, we used 
4 portable inatrument specially de- 
signed for thie purpose, The Vertikal' 
inatrument was used to teat spatial 
orientation [5]. The inatruments were 
inetalled in front of the subject, on 

a table that ie used to tilt the body 
in a frontal plane. The subject's 
Visual field was limited by 4 rectan- 
gular chamber (1 m*), open at the 
bottom, which was also attached to the 
turntable, Thus, the entire arrangement 
of the subject, instruments and chamber 
constituted a single system that could 
be rotated in the frontal plane. 


The display part of the instrument used 
to test tracking performance consisted 
of two round screens. A pointer was 
installed on each of them, and it could 
turn about the axis. When turning the 
pointers, the subject had to keep them 
parallel. The reference pointer had 

to be turned upon instructions from the 
researcher with concurrent switching on 
of an electronic clock. There were 

two baseline positions for the reference 
pointer: in one position, it was set 
parallel to the longitudinal axis of 
the subject's body (during rotation it 
was in the left upper quadrant of the 
screen) and in the second, it was 
vertical (during rotation it was in 

the right lower quadrant of the screen). 
The reference pointer was turned in 
accordance with a preset program 90° 

to the left at the rate of 8 degrees/s. 
The subject controlled rotation of the 
indicator pointer (at the rate of 

12 degrees/s). The electronic clock 
was started at the moment the subject 
depressed the button to turn the 
indicator pointer. Both pointers and 


the electronic clock were automatically 
stopped synchronously the moment the 





subject released the button on the console, After the teat, we recorded 
overall reaction time and magnitude of tracking error, an indicator of 
which wae the angle of discrepancy between the two pointers, The inten= 
sity of illusion of body position in space was evaluated by the subject 
with hie eyes closed, in degrees of the angle of seeming deviation of 
the longitudinal body axie from the horizontal line at the moment of 
moving from antiorthostatic to horisontal position. 


We conducted two series of studies, control and @ain. For 1 hour, the 
duration of the test, the subjects remained in antiorthostatic position 
(=30"), In the main series, antiorthostatic position was combined with 
LBNP [lower body negative preseure) (rarefaction of 40 mm Hg), The subd- 
jects were in horizontal position while pressure was equalized in the 
pressure ("vacuum") suit after termination of the teat, Tests were 

run in the 5th, 30th and 55th min of the etudy., A vacuum suit [6] was 
used to create LBNP, 


The method of comparing increment curves, as well as the ¢ criterion for 
comparing pairs of samples, were used to process the results [7). 


In all there were eight subjects in these studies, who were trained in 
advance to operate the equipment and were acquainted with the effects of 
LBNP, 


In both series, we recorded the subjects’ arterial pressure and heart 
rate during and after the study. 


Results and Discussion 


The objective of the tracking test included demonstration of reaction time 
as a function of orientation of the reference pointer in relation to the 
subject's body (Table 1). When the reference pointer was initially 
parallel to the subject's longitudinal axis the tracking error was less 
marked than when it was initially at an angle of 120° to the body axis 
(P<0.01). These data confirm the well-known thesis that optimum conditions 
for perception of the angular position of revolving pointers are created 
when the pointers are near points corresponding to 9 and 12 o'clock (8). 

it was also previously demonstrated that an observer evaluates the position 
of indicator lines in coordinates of earth's surface or coordinates of 

a cockpit and body fixed in relation to it depending on the situation and 
instructions [9-11], The established fact that the reaction time is the 
shortest when the reference pointer is parallel to the body axis indicates 
that the subjects also use the optical lines of a chamber as a reference 
system for spatial orientation of the longitudinal axis of their body. 


A comparison of growth curves plotted for pointe 1, 2, 3 and 7, 8, 9 (see 
Table 1) established that reaction time was reliably shorter with LBNP 
than in the control series (P<0.01). A comparison of the curves plotted 
for points 5, 6 and 1l, 12 revealed that tracking error diminished in the 
second half of the study period in the main group, as compared to the 
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control (P@,05), The data indicative of improved operator performance 
with LBNP can be interpreted as the consequence of increased afferentation, 
from the mechanoreceptors of the lower extremities, particularly due to 
pressure of internal surfaces of the suit on the feet, It ie a known fact 
that close contact of the body with support surfaces is one of the main 
factors that have a beneficial effect on reliability features of pilot 

and cosmonaut professional performance (12, 13]. Perhaps the mechaniom of 
these infiuences are based on more acute perception of internal coordi- 
hates and body achema as a whole, 


We observed a typical illusion, which consisted of seeming deviation of the 
body so that the head appeared above the horigontal line, both before and 
after equalizing pressure in the suit of subjects lying in horizontal posi- 
tion with the eyes closed, Evidently, this effect was related to efflux 

of blood from the top half of the body, Previous studies demonstrated 

that the intensity of this illusion is related to magnitude of rarefaction 
(and volume of deposited blood) [14]. 


in this study, after the subjects were returned to horizontal position 
the magnitude of illusory deviation of the body from the horizontal line 
constituted 41%6,3° in the control series, In the main series, the angle 
of illusory deviation of the body from the horizontal line constituted 
2622° with negative pressure in the suit, and this parameter changed 
insignificantly (2942.9°) after equalizing the pressure, A comparison 
revealed a reliable difference between evaluations of the illusion in 
the control and main series (P<0,01). 


On the basis of the foregoing, the decrease in angle of illusory devia- 
tion of the body in the main series can be explained as follows; LBNP 
reduces the volume of blood deposited in the top part of the body in 
antiorthostatic position and, consequently, it attenuates the effect of 
the hydrodynamic wave and the illusion, which occurs under its influence, 
of deviation of the body in space when the subject is moved to horizontal 
position. Moreover, there is accumulation of about 500-600 mi more 
blood in the vessels of the lower half of the body [14], which leads to 
stimulation of mechanoreceptors of areas of stasis. This could explain 
the decrease in tracking errors by the end of the study period, 


Unlike the changes described above, there was virtually no change in 
orientation in relation to the vertical plane and midline of the body in 
response to LBNP (Table 2). This confirms the thesis that visual orienta- 
tion in relation to a revolving pointer (tracking) and orientation in 
relation to the gravitational vertical and body midline are controlled by 
different systems. 


It is known that man's visual orientation in relation to the vertical 
plane depends on the position of the main lines of the visual field [15]; 
in this case, on the position of the geometric lines of the rectangular 
chamber, which forms an angle of -30° with the physical coordinates of 
the vertical and horizontal. This is indicated, in the first place, by 
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the sige of the angle of shifting of the subjective vertical in the direc- 
tion of inclination of the chamber (to 27°) and, in the second place, by the 
error, which was stable throughout the study period, of determination of 

the vertical and midline of the body. A significant deviation of the sub= 
jective vertical in the direction of inclination of the chamber indicates 
that mechanoreceptors play only a secondary role in thie task, Predominance 
of the visual rating system led to the seeming shift of the midline of 

the torso in the direction of inclination of the chamber. Under these 
conditions, * latively mild stimulation of the mechanoreceptors of the 

lower half of the body, induced by the suction effect of LBNP, had no 
appreciable effect on orientation, 


Table 2, Effect of antiorthostatic position, LBNP and position of main 
lines of visual field on orientation in relation to the 
gravitational vertical and midline of the torso 
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However, the distinctions of operator performance (use of round screen, 
rotation of indicator pointer, continuity of tracking) depended more on 
the geometric lines of the chamber as a reference system, as well as the 
internal system of coordinates [8], upon which LBNP (40 am Hg) apparently 
had an appreciable effect. 


Consequently, LBNP, which was used to compensate for hemodynamic changes, 
selectively affected different types of orientation in space. Optimum 
conditions were created for the form of orientation upon which operator 
performance is based. 


Thus, the results of this study warrant consideration of LBNP, not only as 
a means of preventing hemodynamic disorders in weightlessness, but as a 
possible means of optimizing performance pertaining to the control of 
spacecraft. 
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CIRCULATORY REACTIONS OF FIRST CREW OF THE SALYUT-6 ORBITAL STATION TO 
FUNCTIONAL TEST WITH LBNP 
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Ragozin, Zh. G. Adamchik, I. V. Alferova, V. A. Andreteov and A, N. Kozlov, 
submitted 1 Feb 79) 


[English abstract from source] 





During the first (wo weeks of space flight the crewmembers showed circulation reac 
tions to LBNP that were typical of reduced orthostatic tolerance. At later flight siages 
(beginning with mission day 49) the Commander displayed a gradual recovery of the 
cardiovascular function. The Flight-Engineer exhibited reactions indicating his decreased 
tolerance of LBNP tests 


[Text] Use of the test with LBNP [lower body negative pressure] aboard 
orbital stations revealed that it is quite informative for predicting 
orthostatic stability of cosmonauts. In tis report, we submit the results 
of a study of circulatory reactions to a functional test with LBNP, 
conducted on the crew of the first main expedition that performed a 96- 
day space flight aboard the Salyut-6 orbital station. 


Methods 


We used the Chibis, protective pressure suit to create LBNP. The line 
where the [vacuum] suit was sealed was on the level of the crests of the 
iliac bones. During the test (background 5 min, rarefaction of 40 mm Hg 
for 20 s, 25 mm Hg for 2 min, 35 am Hg for 3 min and recovery for 5 min) 
we recorded on the onboard Polynome-2M equipment a set of parameters of 
the cardiovascular system which was described previously [1, 2]. We 
measured the heart rate (HR), minimum (MnAP), mean (MAP), lateral systolic 
(LAP), end systolic (EsAP) and pulse arterial pressure (AP), duration of 
phase of isometric contraction and period of expulsion of blood (PEB) by 
the left ventricle. We calculated the rate of propagation of the pulse 
wave (PWPR) over the descending aorta, stroke and minute circulation 

(SV, MV), specific actual vascular resistance to blood flow, as well as 
a number of interphase parameters. 
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The inflight data were compared to the results of preflight tests, which 
were conducted with the subjects in horigontal position, We analyzed the 
absolute maximum deviations of the parameters with the use of LBNP and 
relative changes therein (as percentage of mean base values), The 
commander (CDR) was examined 4 times before the mission (8 and 6 monthe, 

3 and 5 days before it) and the flight engineer (FLE) twice (20 and 5 days 
prior to the flight). During the flight, teste with LBNP were made on 

both crew members on the l4th, 49th, 60th, 77th and 92d daya, then on the 
M4 and llth postflight days. 


Results and Discussion 


The firet test with LBNP made in the 2d week of the mission revealed a 
more marked reaction of the circulatory system to induced redistribution 
of blood than before the flight. In this test, the CDR presented maximum 
changes in HR, phasic structure of the left ventricular systole, SV, MV, 
PWPR and AP; the FLE presented analogous changes, but somewhat less 
marked (Tables 1 and 2). Evidently, the tests made at this stage of the 
mission reflected the general pattern of reactions to LBNP in the case 

of incomplete adaptation to weightlessness [3], when the parameters of 
physiological reactions to some factor or other exceeded preflight levels. 
Thus, cardiac ejection decreased by a mean of 28% with LBNP before the 
flight and by 45% in the first inflight test. 


it is quite likely that the resuits of tests made at the very beginning 

of the period of adaptation to weightlessness, when the compensatory and 
adaptive mechanisms were not yet fully formed, could differ substantially 
in nature and severity of reactions from the results of subsequent tests. 
Indeed, the crew visiting the orbital station showed a severe decrease in 
venous return of blood to the heart in the LBNP test on the 2d-3d day of 
weightlessness and, as a result, significant decrease in cardiac ejection, 
as well as changes in several phases of the cardiac cycle without adequate 
changes in HR, AP and other hemodynamic parameters. 


Unlike the visiting expeditions, the reactions to the LBNP test of the 
main crew was less marked in the course of the mission, and it largely 
reflected the individual dynamics of adaptation to weightlessness. For 
example, the reaction to LBNP gradually approximated preflight findings 
in the CDR in the course of the flight (see Table 1). Here, we can 
apparently refer to stabilization of changes induced by LBNP and of 
virtually complete adaptation to weightlessness. At the same time, the 
reaction of the FLE to LBNP remained more marked in the course of the 
flight, as compared to preflight findings, and maximum changes were ob- 
served during the last inflight test. Interestingly enough, in both the 
last and preflight tests, he presented an inadequate vascular reaction 
to the induced redistribution of blood. The decrease in PWPR as well as 
UFS [expansion not known, probably typo} in relation to the levels that 
were proper for the given MV should be considered unfavorable signs. 
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Circulatory parameters of CDR during LBNP test 


Table l. 
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Circulatory parameters of FLE during LBNP test 


Table 2. 
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This was also confirmed by subjective evaluation of the last inflight teat, 
which was, on the whole, indicative of diminished tolerance of LBNP, Evi- 
dently, a8 the cosmonauts adapted to weightlessness there was stabilization 
of reactions of the cardiovascular systew Lo LBNP, on a level that reflected 
individual endurance of the analogue of postural factora, 


Apparently, the more marked changes with LBNP in the FLE during the flight 
are attributable not only to hie individual distinctions, but inadequate 
scope of preventive measures, I[t is assumed by American researchers [4] 
that a marked decrease in cardiac output [ejection] with LBNP, which was 
observed in the FLE, could alter the efficiency of compensatory mechanisms 
of the cardiovascular system to such an extent that they are incapable of 
reacting adequately to the created load, The less shifting of blood to 
the top half of the body induced by weightlessness at rest, the better the 
LBNP test. The view is held that physical conditioning could prevent 

the shifting of blood in a cranial direction, For this reason, it may be 
assumed that the poor tolerance of the FLE of the functional test with 
LONP is attributable to an insufficient volume of physical exercise, It 
should also be noted that the changes in a number of parameters of the 
FLE during LBNP were almost the same as with an orthostatic test, and 

even more marked in the last test, 





According to the data of Soviet and American researchers, LBNP of -50 mm Hg 
may be considered an analogue of the orthostatic test with respect to 
physiological effects on the ground [5, 6]. However, in weight lessness 
this level may fluctuate substantially due to the dissimilar endurance 

of such factors. On the basis of the reaction of the FLE, it may be 
assumed that changes analogous to orthostatic reactions occurred in him 
with LBNP of -35 mm Hg. According to the results of American researchers 
[4], the same levels of LBNP are tolerated much worse in weightlessness 
than on earth, and they are subjectively equated by cosmonauts to greater 
rarefaction, For example, LBNP of -30 mm Hg is tolerated in space like 
-50 mm Hg on earth [4]. However, we believe that these correlations can 
only be valid for diminished orthostatic stability during the flight. In 
the case of retention of orthostatic stability during the flight, LBNP of 
-35 mm Hg is tolerated in space just as it is on the ground. It would be 
desirable to conduct this test in both the preflight and postflight 
periods to gain fuller and better understanding of the changes that occur 
in cardiovascular system with LBNP in weightlessness. 


According to the nature of changes in the postflight LBNP tests, the 
impression is gained that the readaptation period was less successful for 
the FLE than CDR. The reduction of stroke and cardiac ejection of blood 
with LBNP reached maximum levels, which were recorded on the 14th and 92d 
flight days. 


Thus, the functional test with LBNP confirmed its informativeness in 


determining the state of cosmonauts’ circulatory system in the course of 
a long-term flight. The reactions of the cardiovascular system in both 
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crew members for the firat 2? weeke were indicative of diminished tolerance 
of LBNP, At the subsequent stages of the flight, the reaction of the 
cardiovascular system to LBNP was close to normal in the CDR. In the FLE, 
the circulatory reaction to LBNP was more marked, which was indicative of 
diminished orthostatic atability, 


l, 
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DYNAMICS OF DIASTOLIC PHASE STRUCTURE DURING A 140=DAY SPACE FLIGHT 


Moscow KOSMICHESKAYA BIOLOGIYA I AVLAKOSMICHESKAYA MEDITSINA in Russian 
No 5, 1980 pp 32-35 


[Article by I. V. Alferova, A. D. Yegorov and A. P. Polyakova, submitted 
12 Jun 79) 


[English abstract from source] 


The kinetocardiographic study of the diastolic structure demonstrated its consistent 
changes. In the first flight month they included an increased time of total diastole, filling 
and diastasis periods. Later these parameters shortened. The phgse of isometric relaxation 
was reduced whereas that of — filling was enlarged throughout the flight. These chan- 
ges seem to be associated with fluid redistribution, shift in the pressure gradient and 
enhancement of the sucking activily of the heart 


[Text] At the present time, no information is being reported about the 
dynamics of cardiac relaxation during space flights. At the same time, 
analysis of the phasic structure of the diastole (D) in weightlessness 
would make it possible to come closer to a more substantiated evaluation 

of cardiac function, including contractile function of the myocardium, 
since this function, in particular, is determined by presystolic distension 
of the myocardium. It is also important to comprehend the role and share 
of diastolic relaxation.in adaptive hemodynamic reactions in weightless- 
ness. The publications of recent times indicate that there is a possi- 
bility of change in circulation in the systemic and pulmonary systems [1, 2]. 
In particular, changes have been found in minute volume of circulation, 
increased pressure in the jugular vein and pulmonary artery [1], and there 
are indications of a reduction of the pressure gradient in the venous 
system [2], which could, of course, lead to a change in the role of the 
suction function of the heart in hemodynamics under weightless conditions. 


In this work, we have tried to examine the dynamics of systolic » “ °cters 
(according to results of kinetocardiography) of the second main f 
the Salyut-6--Soyuz complex in the course of a 140-day space fli. r¢ 
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Methods 


We examined the phasic structure of the diastole by the kinetocardiographic 
(KKG) method, Mechanical signals were converted by means of a piezoceramic 
sensor, the receiving part of which, in the form of rubber capsules 

(4*6 cm in size) filled with porolon [plastic], was placed in the region 

of the apex beat and fourth intercostal space on the right, on the para- 
sternal line [3]. The KKG was recorded on Polynome~2M equipment at 

relative rest, and the data were transmitted to earth via telemetry channels. 
The studies were conducted 4 times before the flight, 16 times during the 
flight and twice in the postflight period. 


In evaluating the KKG by the method described by L. V. Andreyev [4], we 
measured total duration of D, phases of isometric relaxation (IR and IR/D), 
of rapid (RF and RF/D) and slow (SF and SF/D) filling, and atrial systole. 
For the sake of convenience of presentation and to rule out random fluc-~- 
tuations, all of the parameters were averaged for each month, 


Results and Discussion 


There were two phases of changes in duration of total D, PN [expansion 
not furnished; pulsed filling?] and SF phase. Changes in the other 
parameters of D (IR, RF) were in the same direction throughout the flight. 
At first D of the left ventricle increased (in the lst month of the 
flight), then decreased: the absolute values of total D decreased by 10- 
25% in the commander (CDR) and by 13-19% in the flight engineer (FLE); 

the relative values decreased by 7-14 and 3-112, respectively. The CDR 
presented a tendency toward more marked changes toward the end of the 
flight (see Table). Duration of PN and SF phase increased substantially 
in the lst month of the flight and to a lesser extent in the 2d month; 
thereafter it increased, and the decrease in these parameters progressed 
in the CDR constituting 22 and 40%, respectively by the end of the mission; 
there was a 17 and 19% decrease, respectively, in the FLE. The relative 
PN increased by 3-10% in both cosmonauts, and in some cases exceeded the 
preflight level. 


The RF phase of the left ventricle was characterized by changes in differ- 
ent directions: it increased by 52-109% in the CDR and decreased by 15-25% 
in the FLE. The absolute and relative IR phases of the left ventricle 
decreased by 9-50% in both cosmonauts at different stages of the flight. 


The changes in D parameters of the right ventricle were characterized by 
an increase in absolute and relative values of D by 24-38 and 11-12%, 
respectively, 24-47% increase in PN and 38-70% increase in SF during the 
first 2 months. Thereafter, these parameters began to decline, with the 
exception of absolute D and PN, which showed virtually no difference from 
preflight values. The SF phase was 18-79% increased in the CDR and 22-85% 
increased in the FLE throughout the flight. There was a decrease in ab- 
solute and relative values of the IR phase in the CDR, whereas they 
increased in the FLE. 
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Dynamics of mean values 


o. main parameters of left and right 


ventricular diastole in the course of the 140-day flight 
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CDR FLE 
in flight in flight 
Parameter reflight mon ’ preflight th ‘ 
(means) (means ) 

> 

Left ventricle 
IR, ms 85 | 62 42-57 AB 50 47—62 
IR/D, % 17,9 11,9 | 10,1—15,6 17,2 9.0 | 11,5—15,6 
PN, ms 390 460 | 300—340 410 500 | 340-—380 
PN/D, % 81.9 87,7 | 84,1—89,8 82,7 90,6 | 86. 2—88,9 
RF ms 4) 7¢ 86 95 100 71—81 

/D, % 8,7 15,2 | 17,.2—21,5 19.4 18,5 | 16,519, | 

SF, ms 295 330 | 180—260 250 340 jor 200 ao 240 

Right ventricle 
IR, ms 46 31 36—-48 4) 4) 45—64 
IR/D, % 10,1 5,0 | 10.4—12,9 8.9 7,1 | 10,7—15.6 
PN, ms 410 600 | 320—420 430 540 | 350—410 
PN/D, % —89,8 95,1 | 86,4—89,7 91,5 92.2 | 83,6—89.6 
RF, 45 53 67—8| 49 60—90 
RF/D, % 9.7 8.7 | 17,1—21,4 10,7 11,1 | 15,6—19,4 
F, ms 300 510 | + 190—290 310 430 | 220-26 























Thus, the changes in the main parameters of right and left ventricular D 
were in the same direction during the flight in many instances. 


According to current conceptions, the liquid media of the body are re- 
distributed in weightlessness, and this leads (at least at the early 
stage) to an increase in venous return, elevation of pressure in the 
atria, as well as to an increase, as demonstrated during the flight, in 
stroke and minute volumes of blood. The increased force of cardiac 
contraction that occurred with this (shorter isometric contraction) could 
activate the mechanism responsible for diastolic relaxation [5], and 
together with the elevated pressure in the atria this probably causes 
shortening of IR phase. The initial increase in duration of PN can be 
interpreted as the result of increased influx of blood and filling 

of the ventricles during D. 


The change in structure of D, which developed in the 2d month of the flight, 
reflects adaptation of the circulatory system to function during long- 

term weightlessness. The redistribution of body fluids and effects it 
induces occur immediately after the body is submitted to weightlessness 

and thereafter, being compensated in part by an increase in deposition 

and removal of fluid from the body (in particular by the Henry-Gauer 
mechanism), they persist throughout the flight. This was indicated by 

the persistent tendency toward increased minute volume of circulation 
throughout the 140-day mission, increase of parameters of pulsed 

delivery of blood to the head for the duration of the flight (over 3 months), 
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ae well ae the shift of the masse center in a cranial direction, which 
persisted in astronauts during the 84-day mission on the Skylab program, 
with coneurrent decrease in leg volume by 2 litera [2]. 


The possibility cannot be ruled out that the decrease in activity of 
peripheral "muscular hearts" (due to shortage of muscular exercise and 
decrease in postural and tonic function of muscles in weightlesaness), 
which cause blood to move from arteries through capillaries of skeletal 
muscles into veins, thereby alleviating the work of the heart [7], plays 
a certain part in the hemodynamic changes occurring during space flights. 


In the opinion of American researchers, a constant pressure, which equals 
central venous pressure, is established in the entire venous system as a 
result of redistribution of blood, The decrease in pressure gradient of 
the venous system in systemic circulation and in the system of the pulmo- 
nary veins and left atrium (increased deposition of blood in the cardio- 
pulmonary region), as well as the decrease in activity of "intramuscular 
peripheral hearts,"* apparently cause an increase in the role of active 

D (suction function of the heart) in hemodynamics. For this reason, there 
is a change in structure of D, in the former of shortening of IR period 
and SF phase, with concurrent extension of RF phase, which provides for 
active filling by means of the suction function of the heart. 


Thus, the adaptive reactions directed toward providing for efficient hemo- 
dynamics generally amount to an increase in ouput function of the heart 
*longer period of ejection and RF phase) ac the expense of hemodynamically 
inefficient isometric phases of its function and decrease in duration of 
physiological rest of the myocardium, 
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RESULTS OF LNFLIGHT ELECTROCARDLOGRAPHIC STUDIES OF SALYUT=5 CREW 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
No 5, 1980 pp 35-38 


[Article by V. A. Degtyarev, V. S. Bednenko, V. K. Gabyshev, V. A. 
Sapozhnikov and V. P. Sidorov, submitted 24 May 78) 


[English abstract from source] 


In Salyul-5 crewmembers, electrocardiograms were recorded in 12 standard and 
D -S leads No marked changes in bioelectric properties of the myocardium were detected 
However, during the second part of the mission B \ Volvnov and VM Zholobov show: 
ed changes in the terminal portion of the ventricular complex in the left sternal leads. It 
iS presumed that they were induced by repolarization anomalies due to neurohormonal ef 
fects on myocardial metabolism. Members of the second crew did not exhibit similar elect: 
rocardiographic changes 


[Text] The electrocardiographic studies conducted aboard the Salyut and 
Skylab manned orbital stations (MOS) failed to demonstrate appreciable EKG 
signs of impairment of bioelectrical properties of the myocardium [1-3]. 
Yet disturbances of cardiac function were noted previously during space 
flights. Thus, cardiac arrhythmia developed in two crew members of the 
Apollo 15 spacecraft [4]. For this reason, a 2-week study was made on 

the crew after this mission, using clinostatic hypodynamia, with the 

game trace elements in the diet as during the flight. No functional 
cardiac disturbances were demonstrated in the crew during this study, so 
that it was possible to rule out, with some degree of probability, 
disturbances of fluid-electrolyte balance as the chief cause of arrhythmia. 
Nevertheless, a microinfarction developed in one of the astronauts 1 year 
after the flight (5), which was apparently not the direct consequence of 
the adverse space flight factors. However, we cannot rule out the 
possibility that the space flight conditions were instrumental in mani- 
festation of latent heart disease, 


The changes demonstrated on the EKG of Soviet cosmonauts were related pri- 
marily to individual functional distinctions of the myocardium and 
regulation of cardiac function, These changes (single extrasystoles, sinus 
arrhythmia, bradycardia) were noted both before and during the flight. We 
submit here the results of a complete electrocardiographic study of the 
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crew aboard the Salyut=5 manned orbital atation, which was conducted at 
different stages of the flight, 


Methods 


in the course of ongoing medical monitoring, the EKG wae recorded in the 

DS lead, and in 12 leade (1, II, LIL, aVR, aVP, CRi.¢) in the comprehensive 
studies using Polynome=2M equipment, The signal was picked up in analog 
form by ground=based reading centers and recorded on paper tape. The 
interrogation frequency constituted 200 pulses/s and tape feed rate was 

70 @m/s, Measurement was made of time parameters of the EKG, amplitude of 
waves, magnitude and direction of vector of the ventricular gradient. The 
rhythm was analyzed on the EKG with the DS lead (4-8—min tracings). 


Results and Discussion 


The correct sinus rhythm was retained by all cosmonauts during the mission, 
Figure 1 illustrates the dynamics of heart rate (HR) during the flight. 

HR reached preflight levels by the end of the let week of the flight in 

the commander of the first crew (CDR-1) and by the end of the 3d week 

in the first crew's flight engineer (FLE-1). Thereafter, HR changed by 
10-15% of preflight values (in the direction of both increase and decrease) 
in CDR-1, whereas in the FLE-1 it periodically increased by 10-20%, 

The intensity of work during the second expedition and the first 20 days 

of the first expedition was approximately the same; however, the HR re- 
mained 15-20% higher than preflight values throughout the mission in 

the commander and flight engineer of the second expedition (CDR-2 and 
FLE-2, respectively). 


HR /min In evaluating the nature of HR 
~ N Powered changes during the flight in the 
w 4. gtmosphere phase crew of Salyut-5 MOS, it must be 


wo. /\ noted that the causes of the 
| tN aed ing MARE. obwerved changes could vary. A 


faster or slower HR is a nonspeci- 


wi\y fic reaction of the cardiovascular 
wih LAL system to many environmental fac- 
ot Vives tors. One of the most iikely 
+) See nes Ep oR factors that could lead to unstable 
h days HR parameters at rest among the 


crew of Salyut-5 MOS was the marked 
nervous and emotional tension, which 
was related to the large work load 
aboard this MOS. In addition, the 
circadian biorhythms interacted 
constantly with the work rhythms 


Figure 1, 
HR dynamics in flight for CDR-1 and 
FLE-1 (top curves), CDR-2 and FLE-2 
(bottom curves). The straight lines 
show mean preflight level, solid line, 
HR for the CDR and dash line, for the during the shortened “onboard” 


FLE days. All this, along with other 
changes in body functions under the influence of space flight factors, could 
have been the cause of considerable variation of HR when recorded at 
relative rest. 
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All of the crew members presented respiratory arrhythmia, and it was more 
marked againat the background of bradycardia in the CDR=1l and FLE-1, As in 
the preflight period, FLE=1 and FLE=2 presented isolated atrial extra- 
syatoles, In this regard, it must be noted that the FLE-2 had previously 
participated in teats of Life support systems in a MOS mockup, In the 
course of those teats, he presented extrasyetolesa more often than during 
the actual flight, The time of atrioventricular conduction and duration 

of QRS complex remained at preflight levels in the crew of the second 
expedition throughout the mission, Starting in the 2d 10-day period of the 
Mission, the CDR=| and FLE«1 presented an increase in time of atrio- 
ventricular conduction, as well as transient increase in ventricular de- 
polarization time (Figure 2). Againat the background of sinus bradycardia, 
which was typical of both cosmonauts of the first expedition, the slower 
conduction could be attributed to intensification of influences of the 
parasympathetic component of regulation of cardiac function [6, 7]. Accord- 
ing to the data of Smith et al., an increase in time of atrioventricular 
conduction was also noted in the crew of the Skylab MOS . However, in the 
crew of the second expedition of the Salyut-4 MOB the duration of the 

P-Q interval decreased with concurrent increase in duration of the QRS 
complex [1]. Thus far, the cause of intensification of vagal influences, 
which was noted during long-term space flights, has not been definitively 
determined. Duration of the Q-T interval did not exceed proper levels 

in any of the crew members of the Salyut-5 MOS. The direction and magni- 
tude of the ventricular gradient vector in the frontal plane did not 

exceed the normal range. 
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Figure 2. Figure 3. 
Inflight atrioventricular (1) and EKG of CDR-1 on the 7th (left) 
intraventircular II) conduction time and 29th (right) days of the 
(s) for CDR-1 (solid lines) and FLE-1 flight 


(dash lines). X-axis, day of examina- 
tion of CDR-1 (top) and FLE-1 (bottom) 


By the end of the ist month of the mission, the CDR-1 developed changes in 
the terminal part of the ventricular complex, in the left thoracic leads 
(CRuw¢). In these leads, the T wave acquired a symmetrical form, and it 
was flattened (Figure 3). Thereafter, these changes became more marked, 
The ST segment dropped by 1-1.5 mm, and its slope in relation to the iso- 
line disappeared, By the end of the mission, analogous tendencies of 
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change in the terminal part of the ventricular complex began to be observed 
in the FLE=l aa well, These phenomena underwent rapid regreasion after 
landing. The EKG of the CDR] reverted to normal on the 3d postlanding 
day, and somewhat later the same applied to the FLE-1. No such EKG 

changes were observed in the members of the second crew of the Salyut<5 MOS, 


In all Likelihood, the demonstrated changes cannot be interpreted as posi- 
tional (which had not been ruled out previously [1]), since the shape of 
the T wave and decline of the ST segment were more indicative of changes 
in bioelectrical properties of the myocardium manifested at the repolari- 
zation phase. At present, extensive material has been accumulated in the 
literature, which pertains to neurohumoral influences on metabolic pro- 
cesses in the myocardium [7-12]. It was reported that a number of 
myocard.al metabolic disturbances [13], which are unrelated to coronary 
insufficiency, lead to deformity of the terminal segment of the ventricular 
EKG complex. These changes consist of several stages, ranging from 
decline to inversion of the T wave. Such phenomena are found in over- 
trained athletes and individuals with clinical manifestations of emotional 
instability. Unfortunately, they are seldom detected at the early stage 
of development, so that insufficient information has been obtained about 
their relation to duration and force of effects of environmental factors, 
Some authors [14] believe that the changes in the terminal part of the 
ventricular complex could be related to diminished tonus of the sympa- 
thetic nervous system and corresponding increase in parasympathetic in- 
fluences, which leads to changes in the repolarization process. If we 
consider that, in ths case, several other signs were observed that were 
indicative of increased tonus of the vagus, the demonstrated changes 

in the terminal part of the ventricular complex could be classified as so- 
called neurodystrophy [11]. Moreover, after landing, these changes dis- 
appeared rapidly, against the background of general stress and increased 
tonus of the sympathetic system, in the CDR-1 and FLE-1, which could also 
be indicative of their functional, neurogenic nature, 





Thus, changes in the terminal portion of the ventricular complex in the 
left thoracic leads, which were observed in members of the first crew of 
the Salyut-5 MOS, can be most probably attributed to metabolic disturb- 
ances related to a change in neurohumoral regulation in weightlessness, 
against the background of a large work load. In our opinion, it would 
be much easier to interpret the electrocardiographic changes if appro- 
priate inflight biochemical tests were made. 
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FUNCTLONAL ASYMMETRY OF OPERATOR PERFORMANCE 
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No 5, 1L¥80 pp 39-42 


[Article by A. G, Fedoruk and T, A, Dobrokhotova, submitted 17 Aug 79] 


[English abstract from source] 


The relationship between the level of operators activils and functional asyminetty 
of hands, feet, eves and ears has been established The level of operators activity ts in 
creased due to a well expressed right-handed asyminciry of hands, eyes and ears with feet 


asymmetry being of less inportanee 


[Text] The study of functional symmetries and asymmetries in man is of 
paramount applied importance to optimization of working conditions and 
efficiency, as well as vocational guidance of students in the occupational 
screening system, 


In this work, the use of the teaching on functional asymmetry of man is 
discussed for the above purposes on the example of operator performance. 


Methods 


A study was made of 200 men ranging in age from 20 to 35 years engaged in 
operator occupations. Before learning this occupation and prior to 

the start of their professional work, these individuals had undergone 
strict screening and thorough physical examination, in which, however, 
the nature of functional symmetry and asymmetry in each of them was not 
taken into consideration, All of the subjects were essentially healthy. 


Operator work of the type we examined requires maximum concentration and 
rapid shifting of attention, flawless reading, remembering and inter- 
preting display readings in the operator's field of vision, as well as 
working with numerous switches and levers. The operator had to accurately 
perceive and correctly evaluate situations close to emergencies or 
accidents; he had to make decisions rapidly and act rapidly within a 
strictly limited time, adequately perceive the time and space parameters 
of his location and the controlled equipment, as well as extraneous ob- 
jects in relation to it. 
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Our syatematization was based on the quality of professional performance. 
Of the 3 groups we formed, the first (89 men) consisted of subjects who 
performed work with a "good" rating; the second (67 people) were operators 
whose work was rated as satisfactory, and the third (44 men) consisted of 
individuals who had been involved in an accident [emergency] or were 
unable to prevent accident situations that arose for technical reasons, 


In order to determine the extent to which (and how) individual motor and 
sensory asymmetries affect the quality of operator performance and which 
combinations of functional asymmetries are associated with optimum per- 
formance, we examined the coefficient of dominance of the right hand, 
motor activity of the legs, presence or absence of dominant eye according 
to aiming skill and coefficient of perception of verbal signals on the 
right. 


The coefficient of dominance of the right hand is de © wined with the 


following formula: 
Ly = L 
Ky * rete | 1002, 


* 


where L, is the total number of operations in which the right hand was 
dominant, Z, is the total number of procedures in which the left was 
dominant and Lo is the total number of operations in which dominance of 
neither hand was demonstrated. A value of Ky in excess of +15% was 
rated as dominance of the right hand (right-handedness) whereas a value 
below -15% was rated as dominance of the left hand (left-handedness). 
Values lying between +15 and -15% were considered as indicators of 
equality, symmetry of the hands, or ambidexterity. 


We used the following procedures to determine the coefficient of right- 
handedness. There was mandatory consideration of whether there were left- 
handed and ambidextrous relatives of the subject, with which hand he 
performs actions better (throws ball, holds tool, winds a watch, brushes 
his teeth, lights a match), with which hand he starts a task involving 
manipulations, which hand is favored in gesticulating and which presents 
a marked venous network on the back of the hand. We measured the 

strength of each hand three times using a manual dynamometer, and we 
calculated the mean parameter. A difference of less than 2 kg was 
interpreted as an indication of equality of the hands in force, andwWth 

a difference in strength of more than 2 kg, the stronger hand was con- 
sidered dominant. We measured the length of the arm in dropped position, 
from the acromial process of the scapula to the tip of the third finger. 

A difference of up to 0.2 cm was interpreted as equality of arms, and 

one that was over 0.2 cm longer than the other was considered dominant. 

A micrometer was used to measure the width of the nail bed of the thumb; 
absence of difference was interpreted as equality of hands, whereas the 
hand that had a wider nail bed than the other was considered dominant. We 
timed the process of unscrewing and screwing 25 bolts with the right and 
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Lett hands; with a difference of up to 30 s, the hands were considered 
equal, whereas the hand with which this task was performed more than 30 8 
faster was considered dominant. We noted dominance of elements in squares 
and circles traced simultaneously with the right and left hands without 
Visual control; the hand that traced the most complete figures was con- 
sidered dominant. We recorded deviations from a paper target, 20 cm in 
diameter, located at extended arm's length, in writing 10 points in 

with a pencil, with the right and left hands; the hand whose deviation 
was leas than 10 cm was considered dominant, The subjects also did the 
following tests: clasping both hands together (the thumb of the dominant 
hand is on top) and crossing the arms on the chest (the palm of the 
dominant hand is placed over the arm of the nondominant hand). The 

tests we used as a whole enabled us to determine which hand was stronger, 
more deaterous, as well as the reaction epeed and accuracy of motor coordi- 
nation or equality of the hands accord | to the same characteristics. 

To determine which leg was dominant, we took into consideration self-ap- 
praisals (which foot was used to push off for a jump) and the devia- 
tions when walking, in light-proof glasses, toward a target (sheet of 
white paper on the floor) at a distance of 5 m; the foot on the opposite 
side of the deviation, determined by the fact that longer steps were 

made with the dominant foot, was considered dominant. In calculating the 
mean dominance of feet in the different groups, we arbitrarily ascribed to 
dominance of the right (+1) or left (-1) foot the digit 1, and to absence 
of dominance 0. 


In addition to considering the subjects’ self-appraisal, we used the 
following test to determine the dominant (according to aiming skill) eye: 
We cut out a hole (1x1 cm) in a sheet of thick paper (5x10 cm). Holding 
the opening in front of the eyes, at a distance of 30-40 cm, the 

subject had to fix on a small object located 2-3 m away, then alternately 
close the right and left eye. If the object shifted when one eye or the 
other was shut, the eyes were rated as equal in aiming capacity. The 

eye was considered dominant if there was no shifting of the target object 
when it was closed. When calculating the mean value of eye asymmetry 
according to aiming capacity for each group, we arbitrarily assigned the 
numeral 1 to the presence of a dominant eye, +1 referring to the right 
eye and -1 to the left, with 0 referring to absence of a dominant eye. 


The coefficient or effect of hearing was determined by the method of 
dichotic listening to words with concurrent presentation thereof on 

the right and left by means of a stereophonic tape recorder. This coef- 
ficient was calculated with the following formula: 


tr - tl 
Kp, "7 TT, ° 100%, 


r “7 
where 1, is the total number of correctly repeated words presented on 
the right and 2; is the total number of correctly repeated words presented 
on the left. A positive value of K) shows dominance of the left cerebral 
hemisphere for speech and a negative one, dominance of the right hemisphere. 
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Results and Discussion 
Table 1 lists the results of teating all 200 operators, 


Table 1, Correlation between functional asymmetries and symmetries (%) 





| 
Asymmetry--symmetry re a 
= 





right-sided | 4.0) 49.5) 68,5! 59.0 
Asymmetry 1. ft<sided 45147.5/25.5| 8.0 
Symmetry 9.5] 3.0] 8.0] 33.0 

















Table 2, Correlation between functional asymmetries and symmetries in 
different groups (%) 






































Group _ 
1 2 3 
Asymmetry and symmetry » : . § € i - 6 HH 
4 
F : : 2 ; : > |e 
———e sees | | | | 
right-sided (97 7\44.9 7.6 6156.7 62, 7,35 8/65 9/43 2/38 6/18 2 
Assymetry left-sided 0}82,8)11.2) 0} 4,5)88,8(81 ,3) 3.0/13.6)54.5.96.4)29.5 
Symmetry 2,3] 2,3) 1,2) 3,4/11,9) 4,5) 6 opt a8 —- 














Table 1 shows that asymmetry dominated drastically over symmetry for all of 
the tested parameters. We can call attention to the smaller share of 
left-handed and ambidextrous subjects, as compared to figures cited in 

the literature, which range from 10 to 30% [1-4]. 


Of greatest interest was the correlation between various forms of asym- 
metries and symmetries in different groups, which is shown in Table 2. 


Dominance of asymmetry (right-sided) over symmetry was more marked in 

the first group of subjects. There were no individuals with left-sided 
asymmetry referable to motor activity of the hands and hearing in the 
first group, The tendency toward right-sided asymmetry was less marked 
in the second group than the first. The second group had subjects with 
left-sided asymmetry of the hands and hearing, which was not present in 
the first group, and with regard to vision it increased by almost 3 times, 
as compared to the first. There was a very mild tendency toward dominance 
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of the right foot, The share of symmetry was higher in the second group 
than the first with regard to all parameters. Ic increased particularly 
in the area of hearing; the second group aleo differed from the first 

in that the combinations of various asymmetries were heterogeneous and 
much more variable, 


Right-sided asymmetry was even less marked in the third group, and left- 
sided asymmetry was dominant in hearing. There was an increase in share 
of symmetry referable to motor activity of the hands and vision. As com- 
pared to the second group, there were three times more subjects with 
negative Ky, i.e., left-handed people, As was the case for the second 
group, the third group failed to demonstrate any definite pattern of 
asymmetry-symmetry combinations for the tested parameters, But it is 
remarkable that there were subjects in this group who presented left- 
sided asymmetry. 


We calculated the mean value of the tested parameters for graphic presenta- 
tion of differences in profile and magnitude of functional asymmetry of 
Operators in different groups (Table 3). 


Table 3. Magnitude of functional asymmetry in different groups 

















G 
Type of asymmetry 
1 2 | 3 
Motor activity of hands | 63 ,0+2,0 41,8%3,41 23.94.53 
Motor activity of feet —0,08+0,1 | 0,.2+0,1) —0,1+0,1 
Vision 0,8+0, 0:30" 0,02+0,| 








Table 3 shows that the mean Ky is highest in the first group, lower in 
the second and third groups. In the first group it ranges from 100% (in 
2 subjects) to 11%, in the second from 91 to -44% and inthe third from 
69 to 50% (in 2 subjects). The wide scatter of individual values for 

Kr is indicative of different degrees of right- and left-handedness. There 
was overt prevalence of strongly right-handed individuals in the first 
group: K, was in excess of 50% in 73 (82%) out of 89 subjects, whereas Kr 
was demonstrable in 32 (48%) out of 67 cases in the second group and only 
8 (18%) out of 44 in the third. At the same time, 2 operators in the 
third group presented marked left-handedness, which was absent from the 
first and second groups, with K; of -50Z, 


There were also obvious differences between the groups in degree and pro- 
file of hearing asymmetry. Ky, ranged from 92 to 10% in the first group 
of subjects, 57 to -36% in the second and 26 to -50% in the third group. 
Kj, was above 50% in 28 (31%) out of 89 subjects in the first group. This 
held true for only 2 (3%) of the men in the second group. Not a single 
operator in the third group had a Ky of over 26%, 
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There were also overt differences between groups with regard to extent of 
asymmetry of the eyes (vision) according to aiming capacity, 


We failed to demonstrate a similar pattern with regard to the feet, as 
asymmetry diminished from the first to third groups, Symmetry and 
asymmetry of foot function appeared to be the least significant to 
operator performance. 


Thus, best performance by the tested operators was always combined, in 
the first place, with maximum functional asymmetries and minimum share of 
symmetries and, in the second place, with marked prevalence of right- 
sided asymmetries over left-sided ones with regard to all parameters 
(except foot activity). 


Poorest performance of profession.! ork (for example, inability to 

avoid accidents as demonstrated i ‘ress situations, in spite of good 
general training and skill in eac. pecific task) was noted in the third 
group of operators, against the background of much less marked asymmetries 
and increased share of symmetry, as well as less tendency toward right- 
sided asymmetries. 


The second group of operators, who performed their work satisfactorily, 
occupied an intermediate position with respect to the mean values of 
functional asymmetries. 


Of greatest interest is the drastic difference in degree and profile 

of functional asymmetries in the first and third groups. It indicates 
that the combination of motor and sensory asymmetries that is associ- 
ated with dominance of the left cerebral hemisphere is optimal for 
operator performance, For example, the profile and degree of functional 
asymmetries inherent in the minority of mankind that is not right- 
handed are not advantageous [l, 2, 5, 6]. Here, the placement of dis- 
play devices, switches and levers in the operator's work space acquires 
the utmost importance. The lay-out takes into consideration the func- 
tional organization of only the right-handed majority of people. Conse- 
quently, the working conditions for operators are convenient for right- 
handed people and do not conform with the natural inclinations of those 
who are not, although there are no recommendations concerning the 
profile and degree of functional organization of candidates in the exist- 
ing rules for professional screening. 


The obtained data show convincingly that the degree of right-sided asym- 
metries referable to motor activity of the hands, vision and hearing are 
instrumental in efficient and accident-free operator performance, Left- 
sided asymmetries of the same parameters are demonstrable in operators 
with poorer quality of professional performance, These data justify the 
need to take into consideration the profile and degree of individual func- 
tional asymmetries and symmetries when analyzing the causes of operator 
errors, as well as solving problems of professional screening. 
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[English abstract from source] 


Phe effec i apacellight simulation factors (ascent to an altitude of B,000 m. antici 

pa i cents gation psychologn Al teal. iy Pokinesia, and enclosure in an altitude cham 
er) on the eontent of tree and protem-bound 11 hydroaycorticosieroids in plasma was 
tudiud = This exposure produced changes in the total and fractional content of the hormo 
depended on the simulation factor, duration of its action, and functional 


nes Thx cnangets 


siaius of teat subsea 


(Text) As a rule, the effects of various extreme factors (including space 
flight factors) on the function of the adrenal cortex are studied by means 
of assaying total corticosteroid metabolite content of urine or blood 

plasma [1-4]. However, according to current beliefs, corticosteroid content 
of plasma is not a criterion of their biological activity, since it depends 
on the degree of binding of hormones with transcortin, a specific plasma 
protein [5]. 


The phystological significance of formation of protein-steroid complexes 
apparently consists of reversible inactivation of hormones, protection 
thereof against further conversions, creation of a mobile reserve, On the 
other hand, tranecortin is apparently involved in the transport of 
corticosteroids, affecting the rate of their passage into tissues, nature 
of tissular effect and metaboliem in the liver [6, 7]. 


Since transcortin-bound corticoids have no activity [8], the biological 
action inherent in these hormones is performed by their free form. One 
should assess adrenocortical function, as well as levels of corticosteroid 
metabolites in blood plasma and urine, according to the change in propor- 
tion between free and protein-bound forms of corticosteroids. In this 

way, it will apparently be possible to determine the true nature of effects 
of space fiight factors on adrenocortical function, as well as to 
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demonstrate changes in "capacity" of transcortin, An increase in "capacity" 
of transcortin te interpreted as a manifestation of hypercorticoldism of 
extravadrenal origin [9], 


in thie work, we studied the effects of a number of factors that simulate 
space flight conditions on the proportion of various forms of steroids in 
human blood plasma, 


Methods 


A total of 43 essentially healtly men ranging in age from 22 to 36 years 
participated in these tests; they were divided into eight groups. The 
first group consisted of 5 men submitted to simulated ascent to 8000 m in 
4 pressire chamber and expectation of G forces on a centrifuge. This 
group aleo performed a psychological test for which very limited time 

was allowed, The second group consisted of five men submitted to the same 
factors against the background of intake of food supplements (FS). The 
third group (/ men) performed graded physical exercise and mental work 
within very limited time, with intake of FS, Vitamins (ascorbic acid, 
undevit [multivitamin product with calcium pantothenate], B,,), minerals 
(potassium, phosphorus, calcium, magnesium, chlorine), glucose and phos- 
phatide concentrate, The fourth group consisted of six men who maintained 
bed rest, the head of the bed elevated by +6°, The foot of the bed was 
dropped to -2° and -6° for subjects in the fifth and sixth groups (6 men 
in each), respectively. 


The individuals in the seventh group (4 men) were submitted to the combined 
effect of high carbon dioxide concentration (to 3%) and Low ambient tempera- 
ture (to #16°C) in the pressure chamber; the eighth group (4 men) were 
submitted to high concentration of carbon dioxide (to 3%), temperature (to 
+35°C) and relative air humidity (to 90%). 


The subjects were given a diet made up of canned foods that were balanced 
with regard to the main nutrients. The caloric value of the diet consti- 
tuted about 3000 kcal, 


We used the method of gel filtration [10] as modifed by L. V. Pavlikhina 
et al. [11], with fine-grain sephadex U-50, to separate free and protein- 
bound corticosteroids of plasma. A quantitative assay was made of total 
and fractions of ll-hydroxycorticosteroids (11-HCS) by the fluorimetric 
method [12] as modified by Yu. A. Pankov and I, Ya. Usvatova [13]. 


Results and Discussion 


There was some decline of level of free 11-HCS in plasma (from 1.3 to 

0.9 pg%, by 31%) in the lst group of subjects (Table 1) after simulation 
of ascent in the pressure chamber. There was also a tendency toward in- 
crease in the bound form of hormones in plasma (from 15.5 to 16.3 \g%). 
When anticipating gravitational accelerations on the centrifuge, we ob- 
served some elevation of both the free fraction (to 1.7 yg%) and protein- 
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bound 1Ll-HCS (to 17,2 ek). Performance of the psychological test was 
associated with decline of all forme of hormones at all tested times, 


Table 1, Protein=bound and free 1L1-HCS levels (\ug%) in blood plasma of 
lat=-3d groups of subjects 
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These factors did not have an effect on the second group of subjects who 
took FS: L1-HCS and fractions thereof remained unchanged in blood plasma. 


Table 1 also shows that there was a decline of both the free fraction 

(from 2,6 to 1.7 yg%, by 35%) and protein-bound form (from 22.0 to 15,0 gi, 
by 32%) in the third group under the influence of the combination of 
exercise and mental work. Concurrently, there was a decline of overall 
hormone level in blood. Thereafter (with intake of FS), there was re- 
covery of free 11-HCS with concurrent increase in total 11-HCS content of 
plasma. 


The data listed in Table 2 indicate that there was a decline in level of 
protein-bound form of 11-HCS in plasma in the 4th group of subjects, on 
the 26th day of the study. There were no appreciable changes in this 
parameter in the 5th and 6th groups. However, they presented a low level 
of free, biologically active 11-HCS. During bed rest, there was a decrease 
in reaction of the adrenohypophyseal system to administration of 40 units 
of ACTH (see Table 2) in the 6th group, as compared to the 4th and Sth. 
There was negligible change in protein-bound and free fraction after 
administration of ACTH in the 6th group. Reactivity of the adrenohypophy- 
seal system remained rather high in the 4th and 5th groups throughout the 
period of the study. This was indicated by the high concentration of 
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proteiu=bound and free LleHCS in blood plasma after giving ACTH, in the 
course of rehabilitation measures, the subjects in the sixth group failed 
to demonstrate recovery of the studied parameters, Thus, the concentra- 
tion of protein=bound L1l-HCS in blood plasma remained low after giving 
ACTH, while the level of free 11-HCS waa alightly above background Levels. 


Table 2. Protein=bound and free L1-HCS levels (yge%) in blood plasma of 
4th=6th groups of subjects 
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In the 7th group of subjects (Table 3), there was on increase in free 
11-HCS of blood plasma to 3,3 weak (background 2.3 yg%) under the influence 
of the combination of high CO, concentration and low temperature. There 
was a tendency toward decrease in the protein-bound form (from 23,3 to 

16.5 ugk). Subsequently (7th day) there was a decrease in free 11-HCS with 
concurrent increase in bound fraction of 1L1-HCS. In the aftereffect 
period, total 11-HCS did not differ from baseline values, In the 8th group, 
there was a decrease in total hormones and fractions thereof on the 2d day 
of the study, whereas on the 7th day there was, on the contrary, an in- 
crease in free form of 11-HCS. We demonstrated a tendency toward decline 
of the level of the protein-bound form of 11-HCS (to 15.0 yg%, versus 

19,1 weg% in the background). The amount of 11-HCS and fractions thereof 
was diminished in this group in the recovery period. 


These studies revealed that, along with changes in total level of these 
hormones, there were also changes in fractions tiereof under the influence 
of a number of factors inherent in space flights. Thus, there was a de- 
crease in concentration of corticosteroids and fractions thereof during 
mental and physical work. Analogous changes were observed by A. A. Viru 
[14] and A, Ya. Soosaar [15]. Evidently, these factors are involved in 
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"uctligation" of corticosteroids by various tissues, which leads to a 
decrease in thelr concentration in blood, 


Table 3, Protein=bound and free Ll-HCS levele (gt) in blood plasma of 
7th and 6th groupe of subjects 
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intake of food supplements creates a mobile reserve, as a result of which 
there is apparently retention of corticosteroids that “are not utilized" 
by tissues, and their concentration remains normal in blood. Under hypo- 
kinetic conditions, various reactions were observed to administration of 
ACTH, depending on the position of the body, and they were referable to 
both L1-HCS fractions and reactivity of the adrenohypophyseal system. 

This is related to “switching” of the mechanisms of hormonal regulation to 
a lower level of activity, which is evidently a manifestation of the body's 
adaptive reaction to these conditions [16]. The combined effect of high 
carbon dioxide level and low temperature caused an increase in free 11-HCS. 
Protein-bound and total 11-HCS levels remained low. Analogous results were 
obtained by Knigge et al. [17] under the prolonged effect of cold. 


it Should be noted that the nature of the demonstrated changes was related 
both to the type of factor and duration of exposure to it, and the func- 
tional state of the body. 


These studies also confirmed the desirability of examining free and pro- 
tein=-bound 11-HCS levels in blood plasma, along with assays of total 11-HCS, 
which provides fuller information about adrenocortical function when the 
body is exposed to space flight factors, 
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The paper presents the study of renal and adrenal function in six normal men during 
and after 3-day water immersion used as weightlessness simulation. The renal excretion 
ol tind, basic electrolytes, creatinine and total 17-hydroxveorticosteroids (17-HOCS) for 
24 hours and following a provocative water-load test (20 ml/kg) was measured During 
the tirst postummersion day diuresis increased by 77 %, excretion of sodium by 42%, 
17-HOCS by 43% and creatinine by 34% as compared to the pre-immersion level, Potas 
sium excretion remained essentially unchanged. The circadian rhythm of excretion of the 
above substances was normal at night the excretion decreased and in the morning increa- 
sed noticeably, The study of renal function and adrenal activity was carried out 56 hours 
alter the beginning of water immersion, using a provocative water-load test. Water excre 
tory and osmoregulatory functions of kidneys, and glucocorticoid activity of adrenals 
remained normal These data give evidence that during a 60 hour exposure to water immer- 
sion no lunctional hypocorticism develops 


[Text] There is some increase in blood urea of cosmonauts during space 
flights. After the missions, there is usually no marked increase in 24-h 
excretion of 17-hydroxycorticosteroids in urine; however, fluid retention 
and natriuresis were often demonstrated during functional tests with a 
water load [1-3]. Evidently, this can be attributed to a decrease in 
functional activity of the adrenal cortex, and this enabled us to expound 
a relevant hypothesis [4]. 


In this work, we tried to reproduce the above changes and check the above 
hypothesis using a widely used model of the physiological effects of 
weightlessness, immersion in water. 


Methods 


We made a study of 6 healthy men ranging in age from 19 to 21 years, who 
spent 60 h in a tub of water, submerged on a cot to the neck level. The 
temperature was kept at 34+1°C, The subjects were on a diet of natural 
products. A strict record was kept of food and fluid intake. We 
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collected each batch of urine, measured its volume and assayed sodium and 
potassium (by the method of flame photometry), 17-HCS [hydroxycortico- 
asteroids) (by a modification of the Silber-Porter method [5]) and 
creatinine (according to Popper). All of these tests were conducted in 
the same order and to the same extent in a control (background) survey 

of the same individuals, who maintained bed rest. We used a standard 2% 
water load test atter 56 h in the water to assess the functional state 

of the kidneys and glucocorticoid activity of the adrenal cortex [6], 

In order to ditferentiate between gravitational influences and functional 
changes in the adrenals, the water tests were conducted with the subjects 
in horizontal position, unlike the postflight tests. All of the results 
were processed by methods of variational statistics. 


Results and Discussion 


The subjects’ general condition was satisfactory during the study; however, 
there were several symptoms typical of immersion: pain in the lumbar 

region after 6-8 h, which disappeared on the 3d day. Maceration of the 
skin of the teet associated with pain was another complication of pro- 
Longed immersion, One subject presented dermatitis associated with 

itching. Soon after the study these signs disappeared, and they did not 
require any special treatment. Two men suffered from impaired sleep at 
night, while the rest slept for 8-9 h without interruption. Appetite 

was good in all subjects, and there was no difficulty in ingesting food 
prepared in the usual way, 


Table 1. Daily excretion of analyzed substances in the background period 
and during immersion 























Excretion 

Period of study Giusesis Na, K, | ages | Sines 
m meq meq mg nine, g 

| : | 
Background 9604140 | 216238) 55412) 5.4et.1 | 1,520.2 
Immersion, day8: | iroo+210 | 310+34| 62410! 7.7+1,0 | 2,0+0,| 
4§ 17004510 | 271433} 70410) 7,840.8 | 2,540.2 
3d (water test) | 3100+380 | 166226) 65410) 8,421.3 | 2,00, 1 

| 





Upon analyzing the data in Table 1, one ca see that there was an increase 
in excretion of all tested substances after immersion, and it remained on 

a high level throughout the study period. On the lst day of immersion, 
diuresis increased by 77%, sodium excretion by 42%, total 17-HCS by 43% 

and creatinine by 34%, as compared to the mean 24<h excretion in the back- 
ground period, There was virtually no change in potassium excretion, On 
the 2d day of immersion, diuresis, as well as excretion of sodium, potassium 
and 17-HCS remained at the same level as on the lst day, while creatinine 
excretion increased by another 24%. We paid special attention to the 
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dynamics of excretion of the substances under study, for which purpose we 
estimated the rate of excretion per 8h segments of time throughout the 
period of immersion, These data are listed in Table 2. As can be seen, 
the 26=h rhythm of excretion of the substances under study was retained, 
At night, there was a decrease in elimination of these substances, and 

in the morning there was an appreciable increase. In the firet half of 
the ed immersion day (from 0800 to 1600 hours), there was maximum elimina- 
tion of creatinine, sodium and potassium, as compared to the entire period 
of immersion, The increase in creatinine excretion is apparently related 
to the higher load on certain muscle groups, This could also explain the 
tenderness of the lumbar region, 


Table 2, Rate of excretion of analyzed substances in the study with 
immersion in water 























- Immersion, h After 
Parameter Bae | immer - 
0-8 | 816 | ‘048 loa yo) 32—40 “16 | 48-56 sion 
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er of oft 6,940.9 |15,949,0)14,921,6)10, 241 [17 249,5/10, 622, 617.421 ,5]19,9:44,8) 2,120. 
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*BG--background; studies conducted at night. 


During the 3 days of immersion, daily excretion of total 17-HCS was some- 
what higher than in the background period, but because of the wide scatter 
of individual data this increase was statistically unreliable. Dynamic 
observation of different 8-h intervals revealed that, while the circadian 
rhythm of elimination of hormones in urine was retained, the rate of excre- 
tion was quite high. It must be noted that the mean 24-h level of 17-HCS 
excretion was elevated in view of the fact that 2 men tolerated immersion 
worse than the others. 


In the 8h period following termination of immersion (at night), there was 
a statistically significant (P<0.05) decrease in diuresis, as compared to 
the level the preceding night, as well as in excretion of sodium and 
potassium, At the same time, excretion of 17-HCS and creatinine decreased 
to background levels (see Table 2). 


Immersion in water causes an increase in influx of blood to thoracic organs 
and triggers several reflex reactions, in particular, depression of 
secretion of antidiuretic hormone (ADH) and aldosterone [7, 8]. Moreover, 
there is an increase in rate of glomerular filtration [9], which was also 
observed in our study. Such a change in renal function and hormonal systems 
that regulate fluid-electrolyte homeostasis in the body, causes an increase 
in excretion of fluids and salts during immersion. Compensation of these 
losses begins immediately after returning to the usual living conditions and 
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change in hormonal and retlex influences, For this reason, one observes a 
drastic decrease in diuresis and excretion of electrolytes after returning 
to vertical position, The circadian rhythm of elimination of fluid, elec- 
trolytes and glucocorticoids is, as it has been demonstrated, a powerful 
physiological mechanism that retains its dominant significance during 
immersion in water as well, 


A spectalized study of renal function and glucocorticoid activity of the 
adrenals was conducted by means of functional tests with a water load, 
the diagnostic capabilities of which are well-known [1, 10-12]. Table 3 
lists data on the rate of excretion of the substances under study with 
maximum water diuresis, 


Table 3, Rate of excretion of analyzed substances with maximum diuresis 
following water load (20 m2/kg) 














Back= 
Parameter ground Immersion 

gousente taj (aia) 14,7+0,8 | 13,441,1 
xcretion o 

Soa tum eq/min 230+13 239+ 52 

Potassium, Yeq/min 5445 85+ 15 

17-HCS, ydq/min 15,5+1,8 | 11,8t1,4 

Creatinine, mg/min 1,640, 1 1,70,2 





As we see, the magnitude of maximum water diuresis did not change, as com- 
pared to the background period, and it was rather high. There was an in- 
crease in rate of excretion of potassium, while total 17-HCS excretion, on 
the contrary, presented a tendency toward decreasing; however, these 
changes were statistically unrelaible. Excretion of sodium virtually 
failed to differ from the background level, which also applied to excretion 
of creatinine, which characterizes the rate of glomerular filtration. A 
mean of 111t4% of the water load was excreted during the 4 h of the water 
test, versus 118t6% in the background period. 


Thus, when we simulated the physiological effects of weightlessness by 
means of immersion in water we were unable to obtain the functional 

changes that had led us to expound at one time the hypothesis that the 
development of functional hypocorticoidism in weightlessness was one of 

the causes of endocrine metabolic disturbances during space flights. 

In the course of immersion for 60 h, there was no reliable decrease in 
excretion of overall 17-HCS in urine, while no fluid retention or saluresis 
was demonstrable in the water test. Apparently, the distinctions of 
volume regulation when changing to earth's gravity are of prime signifi- 
cance to the postflight changes in the water test. 
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ERYTHROCYTE BALANCE DURING 182-DAY HYPOKINESIA 
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No 5, 1980 pp 50-54 


[Article by T. Ye. Burkovskaya, A. V. Ilyukhin, V. I, Lobachik and 
V. V. Zhidkov, submitted 27 Apr 79] 


[English abstract from source] 


A prolonged head-down tilt resulted by the end of the second month in a significant 
decrease in the circulating blood volume at the expense of plasma and erythrocyte volumes. 
One of the factors that caused a reduction in the erythrocyte volume was their survival 
time shortening. The fact that during the rest four hypokinetic months there was no fur- 
ther decline in the erythrocyte count was attributed to adaptive developments: increase of 
bone marrow production and rate of differentiation of erythroid elements. Exercises used 
as a countermeasure could slightly counteract the adverse effects of head-down tilt. 


[Text] At the present time, long-term hypokinesia with the body in anti- 
orthostatic [head down] position is considered one of the models of weight- 
lessness [1, 2]. Redistribution of blood in the body is the main patho- 
genetic factor, which leads to development of a set of symptoms that is 
similar to the one observed with zero gravity. Plethora of the upper part 
of the body is observed and, consequently, there is a decline in volume of 
circulating blood. Evidently, a change occurs in blood flow in paren- 
chymatous organs, in particular, in the kidneys and spleen which, in turn, 
could lead to a change in delivery of oxygen to organs and thereby affect 
the mechanism of production of erythropoietin or hemolytic factor of the 
spleen. The above hypotheses cannot be considered confirmed experimen- 
tally; however, they could explain the impairment of kinetic balance of 
erythropoiesis [3-5]. Our objective here was to investigate the effect 

of prolonged antiorthostatic hypokinesia (AOH) on circulating blood volume 
and some parameters of kinetics of erythroid elements, 


Methods 


A total of 18 healthy men were kept on strict bed rest, with the bed 
tilted down at an angle of -4° for 6 months. Starting on the 7th day of 
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AOH, the first group of subjects underwent intensive physical training 

on a simulator (3 days of training + 1 day of active rest) for 1 h twice 
a day (energy "cost" of training constituted 500 kcal) and a course 

of electric stimulation of muscles, The subjects in the second group 
were submitted to physical exercise shorter in duration and energy ex- 
penditure starting on the 7th day: 20 min of warm-up exercises and 20 min 
of exercise on a bicycle ergometer in supine position 3 times a week, No 
preventive measures were used on subjects in the third group, and they 
remained on a strict regimen of restricted mobility. LBNP [lower body 
negative pressure] was used on subjects in the first and second groups 

on the 40th, 90th, L35th and 182d day and, in addition, they were given 
fluid and salt supplements, 


Before AOH and on the 60th and 120th days of the study, we determined on 

all subjects the volume of circulating plasma (PV) using 191) labeled 

(5 uCi) human serum albumin, Circulating blood volume (BV) and erythro- 

cyge mass (EM) were calculated on the basis of hematocrit value. We used 

the method of Ye. N. Mosyagina to determine the intensity of erythro- 

poiesis; this method permits determination of erythrocyte (E) life span 

according to rate of maturation of reticulocytes in vitro [4]. Our modi- 

fication of this method makes it possible to obtain such parameters as 
half-time of mature erythrocyte circulation T, E) and bone marrow produc- 

tion thereof (Q) using the following fovuntes? 





1000: T Nig -0,693 . 
Tie Hy per day), 7 (thousands /mm” /day) 





where ro is the number of reticulocytes before cultivation (per thousand, 
N; is the number of E per mm°® blood and Ty ret is the half time of reticulo- 
cyte maturation obtained experimentally. 


Erythrokinetic studies were conducted before and on the 46th, 86th, 135th 
and 180th days of AOH. The results were submitted to statistical process- 
ing. The paired Student criterion was used to determine reliability of 
differences. 


Results and Discussion 


Prolonged (2 months) AOH led to a distinct decline of BV. In some cases, 
this decline was in the range of 2 to 35%, as compared to base data. BV 
was 2-3% above the base level in only 2 subjects submitted to moderate 
physical exercise. There was the most significant blood loss in the 
control group, by a mean of 19.4% (versus 11 and 8% in the first and second 
groups) (Table 1). Blood loss was attributable to equal extents to a de- 
crease in PV and EM (P<0.01). 


The set of preventive exercises in both variants attenuated somewhat the 
adverse effect of AOH on the amount of blood, However, the differences 
between groups were statistically unreliable for ali tested parameters, 
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BV, PV and EM (mi/kg body weight) 


Table l. 
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With longer bed rest (4 months), moat sub 
jects failed to demonatrate turther de- 
crease of BV, and in a number of cases 
there wae even an increase. However, on 
the average, the amount of blood remained 
6.4, 14.5 and 17.7% lower in the first, 
second and third groups, respectively, 


Un the 60th day of the study, EM dimin- 
ishe’ in all 5 control subjects. A dis- 
tinct decline of EM was demonstrated in 
only half the subjects who exercised (in 
all, 6 aubjects were examined from the lat 
group and 4 from the 2d). In the others, 
EM either remained at the base level or 
was negligible higher than the latter, 

On the average, EM loss constituted 8.0, 
10,0 and 19.4% in the let, 24 and 3d 
groups, respectively (see Table 1). For 
the next 2 months of AOH there was no 
further decrease in EM, while some in- 
crease thereof was even observed in 
individuals who underwent the set of 
preventive exercises, and it was more 
marked in those who exercised intensively. 


Shortening of E life span could have been 
one of the causes of decreased EM. After 
1.5 months of AOH, there was a decrease 

in half-time of E circulation in most 
subjects. This decrease was the most 
marked in the first group. However, no 
differences between groups was observed 
(Table 2). Thereafter, 1 E did not 
change appreciable to the end of the 
study. The faster elimination of E from 
circulation caused a decrease in EM, but 
did not lead to development of the anemic 
syndrome. The relative amount of E per mm 
blood remained stable throughout the 
period of the study (see Table 2). How- 
ever, in view of concurrent loss of plasma, 
this parameter cannot serve as a criterion 
of quantitative characteristics of ery- 
thron under hypokinetic conditions. 


As shown by the results of determining 
bone marrow production of E, there was 
an increase in daily passage thereof into 
the blood stream on the 46th day of AOH 
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(ave table 2), Thereafter, the intensity of erythropotesis increased only 
in the subjects who did not exerctse, Activation of proliferative activity 
and taster differentiation of erythroid elements are possible causes of 
increased bone marrow production of EF, In favor of the latter are our 
findings on half-time of reticulocyte maturation, As can be seen in 

Table 2, the rate of maturation of reticulocytes increased during AOH, 

and it was highest on the 86th day, 


lable 2. Some kinetic parameters ot erythroid elements 
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Unfortunately, EM was not determined at the end of the hypokinetic period 
(6 months). However, in view of the dynamics of the parameters of 
erythrokinetics studied, it may be assumed that the erythrocyte balance 
remained on a stable level for the last 2 months. 


According to data in the literature, the main hemodynamic changes, including 
the decrease in BV and PV, develop during the first week of strict bed rest 
in horizontal position [4-6]. At this time, an erythropoiesis inhibitor is 
demonstrable in plasma, with decreased erythropoietin activity [7]. Evi- 
dently, inhibition of erythropoiesis is one of the chief pathogenetic fac- 
tors leading to a 7-13% decrease in EM, which most authors found by the 

end of the 4th week of hypokinesia [4, 6-8, and others]. In the case of 
strict bed rest with a negative tilt angle, there is more significant 
reduction of E mass and hemoglobin, This is indicated both by the results 
of our studies and data in the Literature [9, 10]. 


[he decrease in erythropoietic activity, which occurs at the start of 
hypokinesia, is not the only cause of decrease in EM. Under our experi- 
mental conditions, it was also attributable to a reduction in circulation 














half-time and, consequently, life span of erythrocytes, The absence of fur- 
ther decline of PM during AOH (4th month, as compared to the 2d) and even 
some increase the «.n, which was particularly distinct with the use of 
exercise, occurred as a result of intensification of erythropoiesis, 
According to the data of M, M. Shcherba et a, [10], the inhibitory proper- 
ties of plasma disappear in the course of 49-day hypokinesia, and even 
some increase in erythropoletic activity is observed, Apparently, during 
this period committed erythropoietin-sensitive stem cells become involved 
in the process of activation of erythropoiesis, Indeed, studies on mice 
revealed that, during 60-day hypokinesia, bone marrow stem cells show 

4 stronger capacity to form colonies of the erythroid type, as compared to 
the stem cells of intact animals [11]. 


As we have indicated, our findings are also indicative of activation of 
erythropolesis, which was manifested by increased bone marrow production 
vf mature E, In this case, the increase in rate of differentiation of 
erythroid elements, as demonstrated by the results of examining the half- 
time of reticulocyte maturation, is also one of the causes of faster 
passage of E into blood. However, this does not rule out the involvement 
of other mechanisms in this process: intensification of proliferative pro- 
cesses, reduction of generative cycle, predominant differentiation of stem 
cells in the erythroid direction, etc, 


Thus, two phases are demonstrable of changes in erythrocyte balance during 
long-term hypokinesia. The first is characterized by inhibition of erythro- 
poiesis, resulting from redistribution of blood at the very start of hypo- 
kinesia and associated with faster elimination of E from circulation, 

which leads to a decrease in EM after 1-2 months. In the second phase, 
there is prevalence of compensatory processes, manifested by activation of 
erythropoiesis. In spite of the faster elimination of E, the development of 
these processes prevents further decrease of EM and is instrumental in 
holding it on a somewhat low level, due to the diminished demands made of 
the oxygen-transport system, 


Use of a set of preventive measures attenuates the adverse effect of AOH, 
However, the nature of the demonstrated adaptive reactions was the same, 
both in the case of pure AOH and with the use of physical exercise, regard- 
less of its intensity. 
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EFFECT OF PROLONGED ANTLORTHOSTATIC POSITION ON CARDIAC BIOELECTRICAL 
ACTIVITY ACCORDING TO EKG TRACINGS FROM CORRECTED ORTHOGONAL LEADS 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
No 5, 1980 pp 54-59 


[Article by V. D. Turbasov, submitted 22 Feb 79] 


[English abstract from source] 


ans 


Ihe effeet of the time of head down Ulting on clectrocardiographic parameters was 
consistent and significant (P<0.05): a slight! increase in heart rate in groups | and 3, 
an increased time of atrioventricular conductance, an increased amplitude ul the QRS 
COMP ES and a decreased amplitude of T wave, primarily in groups | and 3. No dystro 
phi uns Were detected The ligh level of heart rate in group J during the recovers period 
suggests a more pronounced decline of functional capabilities of the heart Ther are gro 
vids to believe that countermeasures produce a relatively greater ellect on the tunction 


of the mvoeardium than on its metabolism 


{Text} Numerous clinical and experimental observations have shown that 
muscular activity is a most important condition for optimizing not only 
motor, but vegetative functions of the body. Disorders referable to 

vital functions, which arise as a result of drastic restriction of motor 
activity, are known in the literature as the “hypokinetic syndrome" and 
"hypokinetic disease" [1-3]. Worsening of the condition of the cardiovas- 
cular system is the prime factor in symptomatology of the hypokinetic 
syndrome [1, 4-8], It is interesting to examine the bioelectrical acti- 
vity of the heart during development of the hypokinetic syndrome in order 
to evaluate the morphological and functional state of the myocardium, 


Methods 


A study was made of 18 healthy men (3 6-man groups) ranging in age from 30 
to 40 years, who remained in antiorthostatic (-4.5° head down tilt) posi- 
tion for 182 days of bed rest. The first group of subjects were submitted 
to a set of preventive measures, including exercise and a course of electro- 
stimulation of muscles. They exercised for 60-65 min, twice a day, on a 
4-day cycle (3 days of exercise, 1 day of active rest). Briefer and less 
intensive exercise was used on the second group of subjects: 3 times a 

week up to the 70th day, then 5 times a week. The third group was a 
control, and no preventive measures were used, The diet was approximately 
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balanced and conformed with expenditure of energy: 3300 kcal/day for the 
first group, 2900 keal/day for the second and 2750 keal/day for the third, 


The EKG wus recorded (corrected orthogonal leads according to Frank) on 

a Mingograph-81 instrument with aresistance-correcting attachment, We 
took the EKG in the mornings, before breakfast, at rest. The EKG was 

taken during the period of background examination, on the 6th, 46th, 70th, 
LLOth, 154th, 172d days of antiorthostatic hypokinesia (AOH), and on the 
44th and 53d days of the recovery period, We used the parameters pro- 
posed by Ek. A, Ozol for quantitative analysis [9]. In our vector analysis, 
angles H (azimuth) and E (elevation) were determined with a vectorcardio- 
meter {10}. The data were submitted to statistical processing by means 

of two-factor variance analysis (factor A--duration of AOH, factor B-- 
intensit, of preventive measures) and the S method of multiple comparison 
using an M220 computer. 


Results and Discussion 
The results of statistical processing are indicative of consistent changes 
in some EKG parameters, which are related to duration of AOH and intensity 


of exercise (Table 1). 


Table 1, Results of two-factor variance analysis 
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Note: For A, dj = 8, Fo 95 * 2.01, and for B, df = 1/7, Fo os © 1.69, 
The asterisks refer to reliable (P<0.05) influence of factor. 


The mean heart rate (HR) during AOH failed to demonstrate statistically 
Significant differences from both the background period and between differ- 
ent groups. HR changes were the least marked in the second group (Table 2), 
There was an appreciable increase in HR in all groups in the recovery period. 








The mean value of this parameter exceed with statistical significance 
(P 0,05) all prior mean levels in the third group, as well as all means 
characterizing the other two groups, 


The time parameters of the EKG (PQ, QRS, QT) remained within the normal 
range throughout the study period in all groups, and they conformed with 

the proper levels tur the existing HR. The effect of the factor of 

duration of AOH was statistically significant (P<0,05) for only the PQ 
interval (see Table 1), which increased consistently (see Table 2); however, 
the difference between minimum (background) and maximum (154th-172d days of 
AOH) values, as well as between parameters of different groups, was not 
statistically significant (P>0,05), 


Table 2, Dynamics of some EKG parameters 
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The changes in P waves (shape, amplitude, duration) were inconsistent, and 
they had no clinical significance. 


The effect of duration of AOH on aplitude parameters of the QRS complex 
(Ryt+Sy+S, and S,+Ry+R,) was statistically significant (P<0.05), and was 
manifested by consistent increase thereof (see Tables 1 and 2). On the 
whole, there was relatively proportionate increase in potentials of 

the ventricles. This was confirmed by the results of vector analysis, 
particularly the bsence of significant changes in ortentation of the QRS 
vector (angles E and H) according to the time factor (see Tables 1 and 2). 
Intergroup differences in size of angle F (see Table 1) were only present 
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at certain periods, namely on the 110th and 172d days of AOH, However, 
the differential diagnostic significance ot these ditferences is question- 
able, in vlew of the variation of angle E in the background period (see 
Table é). 


The mean amplitude of T waves remained in the normal range in all groups. 
A decrease in amplitude of T waves was noted in all leads for subjects in 
the first and third groups, and only in the "y" lead for those in the 
second group. The statistically significant (P<0,05) difference in 
amplitude of Ty between the first and second groups of subjects, which 
was present in the background period, disappeared during AOH as a result 
of decline in amplitude of Ty in subjects of the first group and increase 
in the second, A maximum decrease in amplitude of Ty in the third group 
of subjects was noted on the 110th day of AOH, and it was statistically 
Signiticant, as compared to analogous parameters for subjects in the first 
and second groups (see Tables 1 and 2), During the recovery period we 
observed a substantial increase in amplitude of Ty and T, waves (it 
exceeded background levels in the first and second groups of subjects). 
Ty remained below background levels in all groups (see Table 2). We failed 
to demonstrate any changes in amplitude and shape of the ST segment 
throughout the study period that would enable us to qualify them as being 
pathological. The amplitude of the ST, point did not exceed the normal 
range in any subject. The Gusanannenel changes in amplitude of T waves, 
in the absence of appreciable changes in their shape, as well as in the 
absence of changes in ST segment and Q-T interval, did not warrant inter- 
pretation of the changes in the repolarization process as being patho- 
logical. 


The heart rate (HR) is one of the most informative parameters characteriz- 
ing the functional state of the cardiovascular system [11-14]. An increase 
of HR was also noted in other studies involving long-term hypokinesia [5, 
6, 13, 15}. In the opinion of most authors, the reaction of the cardio- 
vascular system, manifested by increase of HR, is indicative of change in 
vagosympathetic regulation with prevalence of sympathetic influences, 
decreased conservatism of cardiac function and development of signs of 
deconditioning [1, 4-7]. An increase in HR could be due to stimulation 

of intracardiac adrenergic neurons under the influence of parasympathetic 
nerves. Stimulation of the parasympathetic nerves in the presence of 
stress could alter cardiac function, both by means of a direct influence on 
excitatory processes in the myocardium and, probably, by aitering conditions 
of metabolic effect of epinephrine [16]. The less marked HR reaction of 
subjects in the second group durign AOH and in the recovery period could be 
indicative of less marked changes. On this basis, it may be assumed that 
the exercise program used in the second group was optimal. 


The increase in duration of atrioventricular conduction is also apparently 
a consequence of the change in vagosympathetic regulation of cardiac func- 
tion. The stabilizing effect on this parameter of exercise, the effect of 
which is manifested with both increase and decrease in time of atrio- 

ventricular conduction, may serve as indirect confirmation of this [17-19]. 
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The increase in ventricular potentials at the early stage of AOH could be 
attributed to increased filling of the cardiac chambers, as a result of re- 
distribution of blood and alleviation of venous influx [20-23]. The in- 
crease in amplitude of the QRS complex at later stages was, apparently, 

the result of increase in muscular mass of the heart, However, one cannot 
consider it unquestionable that there are factors under AOH conditions 
which could lead to intensified function and, consequently, increased 

load per unit cardiac mass, Compensatory hyperfunction is observed when 
there 1s increased filling and dilatation of the walls of the venous 
elements of the heart [24] under the influence of such inotropic factors 

as increased HR, increased concentration of catecholamines and Ca*+ [25-30], 
We cannot rule out the influence of “intramuscular peripheral hearts," 
which are the chief "helpers" of the heart, since hypokinesia limits 
conditioning thereof, and the heart functions with constant relative 

stress under such conditions [31]. Exercise, which causes relatively 

more intensive function of the cardiovascular system than in seated or 
standing position, is an additional adaptogen in antiorthostatic position 
[32, 33]. It is not deemed feasible to single out the influence of any 

of these factors. 


The genesis of EKG changes at the repolarization stage is complex, and it 
has not been definitively determined. It is impossible to rule out the 
possibility of influence of metabolic changes, even in the absence of 
changes in the ST segment and QT interval [20, 34]. Of the other factors, 
changes in systemic and intracardiac hemodynamics, fluid-electrolyte meta- 
bolism and extracardiac regulation could have the most marked influence, 
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VESTIBULAR NYSTAGMUS IN RATS AFTER HYPOKINESIA AND PROLONGED ROTATION 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
No 5, 1980 pp 59-63 


[Article by V. G. Ovechkin and A. A. Shipov, submitted 11 Mar 79] 
[English abstract from source] 


Changes in the latent period, number of beats, duration and fre queney of the nystag- 


mus were investigated Wn rats exposed to angular acceleration of an increasing value 
(10. 20, 340, and 40 degree /< mm) alter a 1 day exposure te) hypoking sia per se po hypokine 
iain a rotating device(with a radius of 141 em. rate of rotation of 33.3 rpin ind accele- 
tion Value of 2 g). The hypokinetic rats showed nystagmic changes only with the low- 
St acceleration used (10°/em®). The hypokinetic animals rapidly adapted to a repeated 
exposure to angular acceleration during the recovery period. A 2i-day exposure to hypoki- 


Get de a rotating device disturbed adaptation to a repeated effect of angular accelera- 
tion during recovery. Mechanisms of these effects are discussed. It is concluded that hy- 


pokinesia cannot be an adequate model for studying ‘j : : j 
i j vy we ightlessness effects o » ve . 
bular funetion n the vesti 


[Text] Ground-based model studies were condcuted in preparation of an 
experiment [1] to test the effects of weightlessness and artificial gravity 
(AG) on the functional system [2] of the semicircular canals. Prolonged 
restriction of movements was used as a model of the physiological effects 
of weightlessness. The protective effect of 1 G AG was stimulated by ro- 
tating animals on a centrifuge at an angular velocity with which the 
resultant vector of acceleration (centrifugal and acceleration of gravity) 
would constitute 2 C. 


The results obtained from model experiments can be used to work on problems 
of gravitational biology and the AG problem, 


Methods 


Experiments were conducted on 30 male Wistar rats initially weighing 200- 
320 g. The animals were divided into three equal groups. The first con- 
sisted of rats submitted to 21 days of hypokinesia in box cages, the 

size of which could be adjusted; the second consisted of animals who also 
spent 21 days in similar cage nd were submitted to rotation on a centri- 
fuge (centrifuge arm 141 cm, 33.5 r/min, 2 G gravity [3] at the location 
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of the animals), The third group served as a control, The animals in this 
group were kept in ordinary cages, 


All of the rats were in the same room, received the same diet, and were 
exposed to the same proportion of daylight and darkness. The centrifuge 
was stopped for 1 h daily, at the same time of day, when the animals 
were weighed, the cages cleaned, water dishes and feeders were filled. 


We examined the characteristics of vestibular nystagmus, which appeared 
under the influence of increasing angular accelerations (10, 20, 30 and 
40°/s*). The methods used were described in detail previously [4]. 
Nystagmus was rated on the basis of latency period, number of beats, dura- 
tion and frequency. The animals were examined 2 weeks before the experi- 
ment, on the day it was terminated (0 day), on the 3d, 9th, 15th (first and 
control groups), as well as on the 4th, llth and 18th days (second group) 
of the aftereffect period. The obtained data were submitted to statistical 
processing, with the use of Student's criterion (P<0.05), 


Results and Discussion 


The latency period of the nystagmic reaction was longer (reliably on 0 
day) in animals submitted to 2l-day hypokinesia under the influence of 
accelerations of 10 and 20°/s*, than in the control group. With accelera- 
tions of 30 and 40°/s*, no differences were demonstrable at any time. 
There were reliably fewer nystagmus beats on 0 day only with exposure to 
accelerations of 10°/s*. In successive examinations, this parameter gra- 
dually decreased in both groups of animals with all levels of accelerations, 
which was indicative of habituation to angular accelerations. The number 
of beats was reliably lower on the 9th, 15th and 18th days with accelera- 
tions of 40 and 30°/s*, on the 9th and 15th days with 20°/s* and on the 
15th and 18th days with accelerations of 10°/s* in animals submitted to 
hypokinesia, as compared to animals in the control group (Figure la). 
There was approximately the same change in duration (Figure lb) and fre- 
quency of nystagmus as in number of beats; however, there were no differ- 
ences in parameters of compared groups of animals. 


The latency period of the nystagmic reaction to accelerations of 10 and 
20°/s* was longer in the second group of rats than in animals of the first 
group on all days tested. With exposure to accelerations of 10°/s , this 
increase was reliable on 0 and the 4th day. With >*ccelerations of 30°/s”, 
the latency period was reliably longer on 0 day. We failed to demonstrate 
reliable differences between latency periods of nystagmus of animals in 
compared groups with exposure to accelerations of 40°/s* (Figure 2a). 


There were reliably fewer nystagmic beats in the second group of animals, 
on 0 day after exposure to all levels of accelerations than in the first 
group (Figure 2b). The level of significance of differences was extremely 
high (P<0,001) with accelerations of 40, 30 and 20°/s*. At the rout ine 
examination on the 4th day of the readaptation period, not only did the 
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number of nystagmic beats in the third and first group of animals fail to 
decrease, as compared to O day, it increased reliably in proportion to 
level of accelerations (see Figure 2b). On subsequent days, this increase 
slowed down somewhat, and there was a tendency toward decrease of this 
parameter, Nevertheless, even on the 19th day of the readaptation period, 
the number of nystagmus beats was increased with all levels of accelera- 
tions (reliably, with accelerations of 20, 30 and 40 °/s*), as compared to 
O day. Analogous and even more marked patterns were also noted in 
duration of nystagmus (Figure 2c). Only a tendency toward such changes 
was demonstrable on the curves of dynamics of frequency cf nystagmus. 
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Figure 1. Number of beats (a) and duration (b) of nystagmus in 
recovery period following 21-day hypokinesia. Solid 
line--first group, dash line--control. X-axis day of examination 
Key: 1, 2, 3) accelerations of 10, 20 and 30°/s?, respectively 
BG) background,[here and in Figure 2] 


According to previously published data [5], no differences were observed 

in the nystagmic reaction (according to parameters of number of beats, 
duration, mean frequency), as compared to control animals, were demon- 
strated on O day after 30-day restriction of movement of rabbits exposed 
once to accelerations of 40°/s*(lasting 9 s), as was the case in our 

tests on rats. The significant change we demonstrated in latency period 

on 0 day and the first few days oi the readaptation period with the 

lowest of the accelerations used (10°/s*) is probably attributable to the 
special sensitivity of this paremter to the functional state of the central 
nervous system in the case of low accelerations [6, 7], which was substanti- 
ally altered after both hypokinesia [8, 9] and rotation [10]. The results 
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Of the studies revealed that one may expect changes in other parameters of 
fhystagmus as well on O day after submitting rate to low accelerations, 














Figure 2. 
Latency period (a), number of beats 
(b) and duration (c) of nystagmus 
in the recovery period after 21 
days of hypokinesia with rotation, 
Solid line--first group, dash line-- 
second group 
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a: 1, 2) accelerations of 20 and 
10°/s* respectively 
b, c: 1, 2, 3) accelerations of 10, 20 
and 40°s’, respectively 





In rabbits [5], numerous exposures to accelerations of 40°/s* at 5-min 
intervals on 0 day after hypokinesia failed to change the parameters of 
nystagmus, i.e., there was virtually no habituation to accelerations, as 
compared to the results of analogous tests on the control group of animals. 
It was assumed that disappearance of habituation of the vestibular system 

to repes*ed angular accelerations is related to drastic decline of adrenergic 
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function of rabbite following hypokinesia, Since the changes in activity 
of adrenergic and cholinergic systema after hypokinesia were the opposite 
[11] in vate, as compared to rabbits, with validity of the above hypothesis 
one could accept faster adjustment of rate after hypokinesia, which was 
observed in our study with regard to such 4 parameter of nystagmus ae the 
number of beats, However, it is hardly possible to make a direct com= 
parison of our results co the cited studies, since the intervale between 
examinations in [5] (minutes) differed substantially from those we used 
(hours), 


The uniqueness of d) amice of nystagmic parameters in the aftereffect 
period following rotation is, in our opinion, attributable to the prolonged 
combined stimulation of the otolith system by centrifugal and Coriolis 
acceleretionsa and stimulation of receptors of semicircular canals by 
precession accelerations [1]. lt should be noted that the distinctive 
fhystagmic reaction demonstrated in the second group of animale was con- 
firmed in 4 study of rate submitted to artificial gravity aboard Cosmos- 
936 [1]. At the same time, animale submitted to weightlessness failed to 
demonstrate changes in nystagmic reactions that were observed following 
hypokinesia. Hence, it can be concluded that, unlike weightlessness [1], 
prolonged tywpokinesia has a certain effect on the functional system of the 
semicircular canals. Consequently, the model of restricted movement is not 
adequate for simulation of the physiological effects of weightlessness on 
function of the vestibular system (at any rate, the functional system of 
the semicircular canals), 
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EFYECT OF EXERCISE, VITAMIN AND MINERAL SUPPLEMENTS ON REPRODUCTIVE 
FUNCTION OF ALBINO RATS DURING PROLONGED HYPOKINESIA 
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[English abstract from source] 


eller! of exercise and diet lemenied with vilamine and trace cloments on 
the ar. J junction of white rete exposed 19 30-day hypokinesia was sludied Hypok 
netic lomales in a tegular diet produced ollepring in 33% and those on an enriched diet 
in 50% cases The same values were oblained in exercising fais, the lime allowed for 
their exercises making 3% of the total experimental time A combined use of an enriched 
diet and cretcises fesulted in a 100% inerease of pupping events 


[Text] It has been established that there ie an increase in requirements 
for some vitamins and minerals under hypokinetic conditions [1-4]. It was 
proven experimentally that hypokinesia has an adverse effect on skeletal 
development and mineral metaboliem of offspring, as well as reproductive 
function of adult animals (5, 6). All thie makes it imperative to find 
appropriate preventive measures. Our objective here was to try to 
examine the effect of exercise and dietary supplement of vitanine and 
trace elements on some parameters of reproductive function in hypokinetic 
albino rate. 


Methods 


Experiments were conducted on 45 mongrel rats 7 months of age. The animals 
were divided into five groupe: the first group condaed of rate submitted 
to hypokinesia; the second consisted of animals kept under hypokinetic 
conditions and given vitamin- and mineral-enriched feed; the third was 
made up of rate kept under hypokinetic conditions and exercised; the fourth 
consisted of animals kept under hypokinetic conditions, which exercised and 
received vitamin and mineral supplements; the fifth was a control group. 
There were three males and six females in each group, To create 
hypokinesia, the experimental rate were placed in special plastic box- 
cages, which restricted their movement but did not hinder feed and water 
intake. Control animals were kept in ordinary vivarium cages, 6 in each. 
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The afimals received feed and water ad lib, Daily (except for daye off) 
swimming in a tub of water at #27°C for 30 win was used as exercise, 

The animals were given 4 vitamin and mineral supplement (0,1 g of each) 
daily with their feed, The supplement contained vitamins constituting 
0,15 dose of Aerovit, which is recommended for hypokinetic conditions and 
weightlessness [7], lipote acid amide (0,25 mg), trace elements (copper, 
sinc, cobalt, manganese and iron in doses of 0,1, 0,25, 0,015, 0.35 and 
0,7 mg, reapectively) and magnesium (0,5 mg), Calcium phosphate was used 
as filler (up to 100 mg). Phosphorus and calcium content referable to 
the filler constituted at least 6.5 and 7 mg, respectively. 


Table 1. Dynamics of weight changes in experimental rate, ¢ 
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rates changes in baby rate, @ 
Total Pemales| Rats rat wt. 
Rate in 
in loft. |iitter “P| group | at Morea” 
group pring 7 birth | birth 
| ~—— 
i |, 6 2 as } i7 $520.7 | 13.4205 
2 | 6 5 a ™ 6.220.2 | 14.9204 
ee ee ee es 
ait | 
5 | é 4 | & 2 5 Bw | 8 Oko) | ge’ 
L | | 








The rate were weighted on the 10th, 20th and Wth days of hypokinesia. 
After 30 experimental days, males from corresponding groups were put with 
the females. The males were removed from the females a few days prior to 
giving birth. The offspring from animals in each group were weighed on 
the lat and 10th days. 


The baby rate were sacrificed under ether anesthesia at the age of 30 and 
60 days, and internal organs were weighed. The obtained data vere pro- 
cessed by the Student method of variation statistics. 
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Results and Discussion 


The base weight of males and females constituted 231210 and l/le2 g, res 
pectively, The animale in the control group weighed more 10, 20 and 40 
days after the start of the experiment (Table 1), The experimental 
animale weighted less than the controls (0,05), The only exception was 
referable to the males in the fourth group, whose weight was somewhat 
above the control level, The lag in weight gain is one of the adverse 
effects of hypokinesia, which is due to metabolic changes, in particular 
a decrease in synthesis of nucleic acide and protein (8), It wae found 
that the weight of females in the fourth group was negligibly lower than 
that of females in the first group after 10 and W days of hypokinesia, 
whereas after 20 days of hypokinesia it was the same, Wowever, the males 
in the fourth group weighed more at the above times than those in the 
firet group. Consequently, a brief exercise period and a supplement of 
physiologically active nutrients were instrumental in retention of the 
weight of experimental animale on control levels, 



























































Table 4, Weight of internal organs of rate at the age of 1 and 2 months, m 
& 
— 
Oxean — Croup of Baby rate ~ : 
f 4 ‘ | 54 
~~ im 
Heart i79e1 7 7309) iMe5 7O | 270201.2 | 219225.2 | 107e9 16 
| ieee! 73 | \7Te8 84 | 4SIOR | 19770 7221.73 
Lungs WMVS2 A | MS5i 1° | WVSd.41°*) SVS12.1°°| 36323. 16 
Liver 6712 56.9 |1206=62.0°* 2291259 2 |2007 + 147 1716295 
(689144 14ite 27% (24Ke 219° [BN20e 190" | 1557 SHA 9 
i 11925.04°*) 140a7 St | 2i13,2"*) 1232676 | 14625, 58 
Spleen 120215.) | 12)£10.6**| 189=30.9 | 12556 O5°*| 03 255 Be 
Kidneys 419 + | 9762 16.9°*) 6422103 455212.4 47ie19 | 
' sates (eset | ‘wath | wets | tele 
= = i4 17 71 
7 ieee, Ueber | Mel forie.cese | 1720 0 
+ -i 4 7 6297 1.420, 7. 6=3 
Thyroid (0) Set.12 [17 50.68" (14.52.65 119,540.69 | 10.5214 
Age: 2 months 
Male Mis | jes 14.2 389225.5 | 37he3) 4 
Heart Female M5227 Wi=103 | 407253.9 | 6221.4 | 322190 
wings | Piatie | ism | gmsi's| waco [sere | Sasi 
Male (4333+!) | 2am _ s7612:384. $002 504 
sotece | BeTat® Pasesars | SRE, | mse Reeser | Maen, 
‘ 5) a | + i ; . 
Spleen Female 3119.5 9238.0 +99 269:512,4"" 390535.6 
7o+ Tee Sa 7+6i.| 12,7 
Kidneys Pansie 7090+58.1° | 773156 | 1090-2358 | exes 3 ease | 
Adrenals le 3235, m4 | Be2i | -- 129,422.02 | 7+3.39) 
Male. ais) | social er” latsae | wiacie 
| = ; + 78,221, 
Thyroid Female 46.527.95 | 795+ 79 72,526.19! 6127.07 | 811.7 
iL | | 
Note: There were 4, 5, 4, 7 and 11 month-old males in the first to 


fifth groups, respectively, and 4, 4, 4, 13 and 4 females. 
There were 3, 3, 1, 9 and 4 2=month old males, 6, 3, 3, 9 and 
10 2=month old females. 
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liypokinesia altered the sexual behavior of the animale (for the firet few 
daye the females would not let the males come close), It wae established 
(Table 2), that the lowest reproduction percentage was referable to the 
firet group (33%), the figure was 50% in the second and third groups, and 
in the fourth group all females had offapring. Reproduction constituted 
67% in the control group, Lt should be noted that the lowest percentage 
of female reproductivity was referable to animale kept under hypokinetic 
conditions without preventive measures, and thie ise probably related to 
changes in the neuroendocrine system that regulates reproductive function, 


The birth weight of rate born to the second and third groupe was somewhat 
higher than in the control (Table 3); it did not decline after 10 days, 
constituting 110.8 and 123.2% in the second and third groups, respectively, 
as compared to the control, This difference was reliable, No appreciable 
differences were noted in the first and fourth groupe, as compared to the 
control, While the birth weight of baby rate in the fourth group corres~ 
ponded to the control level, it was 13.8% higher after 10 days. It wae also 
demonstrated that the weight of most viecera of baby rate in the firet 
group (both males and females) at the age of 1 and 2 months wae lower than 
the control level (Table 4), whereas in most animale of the third and 
fourth groups, on the contrary, it was above control levels at the age of 
both 1 and 2 months, 


Thus, we demonstrated impairment of reproductive capacity under the in- 
fluence of hypokinesia in rate for whom no preventive measures were taken, 
and thie was manifested by diminished sexual activity of animals in the 
posthypokinetic period and decrease in percentage of females that produced 
offapring. The use of exercise and enrichment of feed with a set of 
vitamins and minerals had a beneficial effect, improving reproductive 
function of the rates. 
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[English abetract from source] 


= os 


The potential of impedance and isotope (intravenous injections of ''l and In) 
inethods to indy regional and central hemodynamics was investigated on 12 test subjects 
Both methods demonstrated marked changes in blood filling of the head 


/ — ae 


[Text] LBNP [lower body negative pressure) is being used more and more in 
aerospace medicine to determine the functional capabilities of the cardio- 
vascular system and detection of disorders thereof. Yet the mechanisms of 
redistribution of blood and changes in regional hemodynamics during this 
test are not quite clear, and they have been little-studied. Our ob- 
jective here was to make a comparative study of changes in central and 
regional hemodynamics by the iapedance and radioisotope methods occurring 
with LBNP. 


Methods 


The belt of the decompression device was sealed at the level of the iliac 
crest of each subject in supine position. Hemodynamics were studied with 
the use of LBNP increased in steps (2 min of 25 mm Hg, 3 min of 35 am Hg, 
5 min of 40 and 50 am Hg) in 12 healthy male volunteers 26-38 years of 
age, using radioisotope and rheographic methods simultaneously. We deter- 
mined circulating blood volume on a well counter. The subjects were given 
intravenous injections of tracer doses of a mixture of radioisotopes 
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('**Telabeled human serum albumin and '''™In indium citrate), Both tracers 
mixed uniformly with blood, and they presented no tropism for organe and 
tissues, The distribution and migration of blood were determined by radio- 
metry, ueing ecintillation detectors in five regions of the body: head, 
cheat, lower extremities and cardiac region (using 4 vertical lead shields). 
Concurrently, we recorded rheoencephalograme (REG) on a 4=RG=<IM rheograph 
in the frontomastoidal and bimastoida, leads, rheograma (RG) of the lung 
and leg, EKG in 12 leads using a Mingograph, as well ae arterial 
pressure by the method of Korotkov. The working frequency of the rheograph 
was 120 kz, The RG was recorded on an b-channel electroencephalograph 
with a time constant of 1s, To record the RG of the lung, lead electrodes 
were placed in the region of the projection of the right lung: anteriorly 
in the second intercostal space along the medioscapular line (3*4 cm) and 
posteri.riy on the level of the 4th-7th thoracic vertebrae at the scapular 
angle (12*6 cm); to record the RG of the right crus, we used a longitudinal 
lead (lead electrodes, 20*2 cm), and for rheoencephalography we used round, 
silver-plated brass electrodes 18 mm in diameter. 


Pulsed delivery of blood to the regions under study was measured according 
to maximum RG amplitude (in ohms), We also calculated the relation of 

the anacrotic phase (4) of the tracing to duration of the cardiac cycle 
(T), dicrotic (DCI) and diastolic (DSI) indexes, which reflect respectively 
the tonus and elasticity of vessels of large and medium caliber, emal) 
arteries and arterioles, veins and venules. 


Results and Discussion 


The results of the isotope studies revealed that, under the influence of 
LBNP, all subjects presented a decrease in delivery of blood to thoracic 
organs and, to a lesser extent, to the head, as a result of shifting of 
blood to areas of low pressure {[1, 2]. The most marked change in filling 
was observed at the start of the test (Figures 1 and 2). Thus, with 
rarefaction of 25 mm Hg, there was a group mean of 19% decrease in filling 
of the thoracic cage and 15% in that of the head, as compared to the 
background, With further rarefaction steps, the decrease occurred in 
these regions at a slower rate than at the start of exposure. At the last 
stem (-50 mm Hg), there was 27% decrease in filling of the chest, as 
compared to the base level. According to the data on the rheopulmono- 
gram, the decrease in pulsed delivery of blood reached 37% in the first min 
(-25 mm Hg) and 41% in the last min (-50 mm Hg) of the test, and it was 
associated with significant increase in tonus of pulmonary vessels 

(a/T ratio increased by 33.1% and DCI by 53.2%). As we see, there was 
more marked decrease in pulsed filling of the lungs (the levels of which 
were close to those cited in the literature [3]) than of the entire thoracic 
cage, and it was associated with compensatory constriction of pulmonary 
vessels [2]. 


The individual distinctions of the reactions to the LBNP test are of great 
interest to evaluation of the changes in regional hemodynamics and 
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6” Figure 2, 
00 nea =a Dynamics (% of background) of mean 
~~ -- value for delivery of biced to 
| | thigh ('*'1 tracer, dash line) 
wr and pulsed delivery of blood to 
| | | veins (solid line) and arteries 
60) heme (dash-dot line) of the crus, 
= vooow! demonstrated by rheography on 12 
subjects submitted to LBNP 


Figure 1. bioelectrical activity of the heart. 

Dynamics (% of background) of deli- Thus, the decrease in delivery of 
very of blood to the head ('*'r blood to the head (according to 
tracer, solid line) and Alam, isotope test) did not decrease 
has *mIn tracer, dash line; and 15% in 4 subjects throughout the 

‘1, dash-dot line) in subjects test; in these same cases pulsed 
G. (a) and Ye. (b) during LBNP delivery of blood to the right 
test hemisphere (according to REG 


dynamics) did not decrease by more 
than 2) %. In 2 subjects, a syncopic state developed in the 3d min of 
the test (-35 am Hg). In one of them, there was a drastic decrease in 
maximum amplitude of the REG in the frontomastoidal lead in the first min 
of such exposure: pulsed filling of the hemisphere decreased by 73% and 
that of the vertebrobasilar basin by 58% (according to bimastoid REG), 
while the figures for the second subject were 50 and 68% of the base level, 
respectively, against the background of significant decrease in tonus of 
cerebral arterioles (DCI from 73+76 to 40.4-35.0%). Delivery of blood to 
the head, as determined by the isotope method, decreased more significantly 
in these cases, by 27% (see Figure la) than in subjects with good tolerance 
(only 15%). The decrease in pulsed filling of the lungs did not exceed 35%, 
and that of the entire thorax 17%, against the background of appreciable 
changes on the EKG in all 12 leads, which enabled us to interpret the 
syncopic state as a reaction of cerebrovascular genesis. 


101 

















A comparison of EKG parameters to the results of the radioisotope and 
impedance studies also revealed some distinctions in the reactions, 

In two cases, along with development of a presyncopic state, we found 
EKG changes indicative of impatred delivery of blood to the myocardium, 
On the basis of radioisotopic test findings, these subjects presented 
more marked decrease in filling of cardiac chambers (by 15%, as compared 
to the background) than other subjects at the very first level of rare- 
faction, 


With rarefaction of -35 mm Hg, one of them (Ye.) presented further and 
more significant decrease in filling of cardiac chambers, down to 71% of 
the base level (see Figure 1b). According to data from the RG of the 
lung, pulsed delivery of blood decreased by 85% in this subject and 

by 58% in the second one (K,), as compared to background levels, At this 
time, on the EKG of subject Ye., there appeared a deformity of Ty »? 

to a lesser extent in Ty and an increase in Py. In subject K., thére 
was slower decrease in filling after a marked decrease in delivery of 
blood to the thorax at the first level of LBNP, In this subject, changes 
in the EKG (inversion of Tp and double-peaked Ta) were observed in the 
let minof the test, i.e., at the time of severe worsening of delivery of 
blood to the thorax, and they persisted to the end of the study. At the 
last level of LBNP, the EKG signs of myocardial hypoxia advanced somewhat 
(more distinct dual peaks of Ta, and flattening of Tp). Pulsed delivery 
of blood to the cerebral hemisphere decreased by only 28% in subject K. 
and by 32% in Ye., while delivery of blood to the head decreased by 15 and 
17% of the base level (see Figure 1). In other words, in both cases, the 
significant decrease in delivery of blood to thoracic organs, primarily the 
heart, was the cause of the presyncopic state. These findings, combined 
with marked EKG signs of myocardial hypoxia, enable us to interpret the 
presyncopic state of the subjects as a reaction chiefly of the cardiac 


type. 


In the other three subjects, who presented a presyncopic state of the 
mixed cardiovascular type, presyncope preceded marked decrease in delivery 
of blood to both the chest and head, 


Thus, as a result of synchronous isotopic and impedance studies of 
regional hemodynamics, we demonstrated a difference in mechanisms of 
development of presyncopic and syncopic states under the influence of 
LBNP. In some cases, they occur as a result of development chiefly of 
cerebral ischemia, in others as a result of myocardial ischemia, or as a 
result of poor circulation in both the heart and brain. These data con- 
firm the possibility of occurrence of three types of presyncopes and 
syncopes under the influence of LBNP [4-6]. 


A significant decrease in delivery of blood to the thorax (by 26.7%) was 
observed in two other subjects (B. and M.). In spite of this, the pulse 
rate, pulse pressure and EKG parameters changed within the range that is 
inherent in a good reaction to the factor used. The pulse rate did not 
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exceed 80-88/min, pulse pressure was 40 mm Hg, and only a minor decline 

of Ty5,6 on the EKG (without shifting of PST segment). Consequently, the 
decreased filling of the heart was not associated with poorer delivery 

of blood to it in all cases. Evidently, the coronary arteries of the 
heart, the functional distinctions of which provide for more or less ade- 
quate delivery of blood to the heart, even with diminished filling thereof, 
play the leading role. 


It is known that the pressure difference between the top and bottom 

halves of the body causes blood to shift in the direction of lower pressure 
[1-6], As can be seen in Figure 2, the mean value for filling of the 
right thigh increased drastically in all subjects already in the first 

min of the first level of rarefaction to 140%, reaching 167% of the base 
level (P<0,001) in the last min (-50 mm Hg). The mean DSI on the RG of 
the right leg, which reflects the magnitude of pulsed filling of veins, 
was superimposed over the isotope curve of femoral jilling almost over the 
entire test, i.e., there was virtually total correlation between them, 
Indeed, already in the first min of rarefaction, pulsed filling of the 
veins exceeded the baw level by 150% and by the end of the last step of 
rarefaction, by 180% (P<0.001). On the other hand, pulsed filling of the 
arteries (arterial influx) diminished appreciably, by 26% at the very 

start of the test and 45% at the end (P<0.001), as compared to the base 
level, which is consistent with the data of Montgomery et al. [9], who 
also observed a significant decrease in blood flow in the area submitted 
to LBNP. The mean index of blood flow in the region of the pelvis and 
upper third of the thigh decreased, according to these authors, in 

healthy males (20-36 years old) by 39 and 41% with LBNP of 40 and 60 mm Hg. 


While the isotope method demonstrated only drastic increase in overall 
filling of the lower limb, rheography showed plethora of the lower limb 
[1, 6), as well as the arterial and venous components [2]. In the area 
submitted to LBNP (i.e., the lower extremities), there is overfilling of 
veins, at first due to shifting of a large volume of blood and then 
because of markedly labored venous efflux [1, 2, 4, 6, 9]. At the same 
time, there was restricted influx of blood to the legs due to decreased 
cardiac output, as a result of decreased venous return and compensatory 
constriction of small arteries and arterioles [2, 6], as indicated by the 
increase in DCI of the RG of the leg to 150% of the background level. 


Thus, the use of the above-mentioned methods expanded the possibilities 
for examining hemodynamics. The radioisotope method yielded reliable 
information about the topography of blood redistribution with the use 
of LBNP. The impedance method enabled us to define the nature and 

form of hemodynamic changes. As a result of these studies, we demon- 
strated a distinct correlation between the hemodynamic parameters ob- 
tained with these methods, particularly in the area affected by LBNP. 
This is an important circumstance, since a number of factors (invasive- 
ness, radiation loads, complicated and expensive equipment, etc.) limit 
the use of radioisotope tracers. The impedance method is simple, non- 
invasive, and it can be used on a wider scale, 
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[English abetract from source] 


Changes in cardiovascular parameters of test subjects wearing anti-G suits wer 
studied under static conditions tre study was carried out, using methods of radioactive 
label dilution, radiocardiography and tetrapolar rheography The study demonsirated the 
anon level of physiological reactions within short transition periods after inflation and 
deflation of suit bladders 


[Text] At the present time, studies are continuing to refine the means 
of of protection against accelerations [1-4]. This work is part of one 
of these studies. Publication thereof by iteelf is justified, in view 
of the specifics of the problem studied: investigation of distinctive 
features of reactions of the circulatory system to compression of the 
lower part of the body in an anti-G suit (AGS) under static conditions, 
These studies are also interesting because mechanical pressure over the 
lower part of the body is finding applications in clinical practice, in 
the treatment of cardiovascular d‘seases (for facilitation of venous 
return). The importance of examining this question is also due to the 
practice of long-term space flights, when we -re dealing with improvement 
of orthostatic etability of cosmonauts in the postflight period. 


Methods 


We conducted our study on 6 healthy males ranging in age from 18 to 40 
years. In all, 19 teats were conducted. These subjects sat in a mock- 
up of an aircraft chair wearing the AGS. Each of them was submitted to 

4 background examination, during which the base hemodynamic parameters 
were obtained. A pressure of 0,3 kgf/cm’ was created in 2-3 s in the AGS 
30-40 min after the examination; this caused occlusion of underlying 
vessels of the lower extremities. In eight studies, 2-3 min after 
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setting the above pressure, the subjects were given intravenous injections 
of a radioactive tracer, Total exposure time wae limited to 9 min, after 
Which the pressure in the AGS chambers was rapidly lowered, In the 

atudies where radioactive substances were used, we took venous blood for 
determination of circulating blood volume (BV) and to calibrate the radio- 
cardiogram (RKG) curve, In the course of the study, we recorded the 

heart rate (HR), arterial pressure (AP), RKG, rheoplethyamogram, rheogram 
and differential rheogram of the thoracic region, An NS-110 “radiocirculo- 
graph" (7?) was used to record the RKG, An Nal/Tl collimated scintillation 
sensor was used, which was centered in the region of the cardiac projection, 
on the level of the fourth intercostal space along the parasternal line, 

We used ‘I-labeled albumin solution as the tracer, The activity of a 
Single test dose constituted 25-30 Ci, We used the analytical method, 
with a computer, as modified by F, F. Kaperko et al. [5] to determine the 
area under the RKG curve, which was required for subsequent calculation 

of hemodynamic parameters, From the RKG, we calculated minute (MV) and 
stroke (SV) volumes of the heart, pulmonary blood volume (PBV), mean 

total circulation time and circulation time over the vascular system of 

the lunge [6, 7]. Circulating blood volume was determined by the 
conventional method of dilution of radioactive tracer, 


A domestic tetrapolar two-channel RPG2-02 rheoplethysmograph was used to 
record the rheograms, differential rheogram and rheoplethysmogram., The 

active electordes were placed over the perimeters of the neck and chest 

under the niphoid process. The overall area of these electrodes consti- 
tuted 150 cm*. SV was calculated using the following formula: 


1? 
wears Fee, 


where 150 is the specific resistance of b.ood at a temperature of 37°C 
(f/em); 2 is the distance between recording electrodes (determined from 
the sternal line)(in cm), t is the duration of the mechanical systole of 
the heart (8), da/dt is the maximum amplitude of the differential rheo- 
gram (2/8) and 29 are impedance readings (f) [8, 9]. In our calculations 
we took the averaged amplitude of the signal over 1 or 2 respiratory 
cycles, The duration of the mechanical systole of the heart was calcula- 
ted in a similar manner. 


Determination was made of cardiac work (W) and total peripheral resistance 
(TPR) on the basis of rheographic data and AP, using the following 
formulas: 


wey (Py ~~ = "4).1,916.10-*  (kg=m/min) , 
/ pep 
[Pg + oe) 


TPR - = ‘1333 (dynes*s/cm*), 
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where P, and Py are systolic and diastolic pressure (mm lig), respectively 
at the time of recording the AKG, All of the data were submitted to 
statistical processing with calculation of means for time, mean differ= 
ences of variants related in pairs, standard errors and Student criterion, 


Results and Discussion 


When pressure of 0,3 kgf/cm’ te created in the AGS chambers, the under- 
lying vessels of the lower limbs are occluded due to elevation of systolic 
AP, substantial increase in intraabdominal pressure and ejection of blood 
from the compressed areas, Figures 1-3 illustrate the effects of this 
factor on the main hemodynamic parameters, At firet, after creating 
pressure in the AGS chambers, 
there is a decline of SV which, 


2! with the negligible change in WR, 
al Come A. leads to marked decrease of MV. 
———— By the 20th « of compression, there 
My tn. is an increase in SV and MV, againet 

b [- — — the background of some tendency 
————————E———e toward relative bradycardia, At 

Mg this time, AP (both systolic and 

c K diastolic) ie elevated, Cardiac 

7) ita) work increases, while TPR has a 
MB  #/ ? | J5 8 tendency toward decreasing. There- 
INFL per. Agyer- after, against the background of 


virtually unchanged HR, there is 
gradual, relative decrease of SV 


Figure 1. and MV, these parameters coming 
Dynamice of HR (a, per min), SV (b, close to base values. AP remains 
in mi) and MV (c, in &£/min) with elevated, Pulse pressure de- 


inflation (TIiiFL) and deflation (DEFL) creases somewhat due to relatively 
of AGS chambers. X-axis, time (min). greater elevation of diastolic 


Arrows show time of INFL and DEFL; pressure, TPR increases, while 
columne indicate standard error of cardiac activity remains on a level 
means. BG--background that is reliably higher than the 


base level. Additional informa- 

tion about the state of circula- 
tion was provided by the results obtained with one-time use of the 
radioisotope method in the 34 win of compression. At this time, BV de- 
creased reliably by 7%, while blood volume in pulmonary vessels increased by 
20%. Data indicative of increased filling with blood of the pulmonary 
circulation under analogous conditions are encountered in the literature 
[l1, 2]. As a result of cessation of blood flow in the lower limbs and in- 
crease in circulating blood in the pulmonary circulation, there is a re- 
duction of total blood circulation time, whereas time of passage over the 
vascular system of the lungs increases.* In the aftereffect period, the 


"We mea. ured MV and SV simultaneoualy by radiocardiography and rheography in 
the 3d min. Statistical analysis by the method of variants related in 
pairs failed to demonstrate reliable differences between rheographic and 
radiographic readings. 





107 











vascular system of the lower extremities is included in the circulation and 
there ie normalization of intraabdominal pressure, These signe are associ-~ 
ated with marked decline of TPR and AP, The WR increases in response to 

the AP drop, and this in turn leads to significant increase of MV, in epite 





Of the fact that there is relatively mild increase in SV, 
there is a tendency toward increased cardiac function, 


At thie time, 
Virtually complete 


normalization of hemodynamics is observed by the 3d min of the aftereffect 


period, 


Op Fas S| 
——_—_ 
' ~ ans i 
Then DEFL aayer. 
Figure 2, 


Changes in AP (mm Hg) in the course 

of the etudy and aftereffect period, 
Here and in Figure 3: x-axie is time 
(min) 


a 
ter- 
INFL DEFL effect 
Figure 3. 


Changes in TPR (a), dynes s/em*) and 


cardiac activity (b, kg-m/min) during 


the study and in aftereffect period. 


We consider two factors, which are 
related to occlusion of vessele in 
the lower limbs and elevation of 
intraabdominal pressure, as the 
main caute of the above-described 
changes, The first is the increase 
in peripheral resistance and the 
second is redistribution of blood 
to the upper part of the body. One 
should relate the relative eleva- 
tion of diastolic AP, as well as 
decrease in SV immediately after 
producing pressure in the AGS 
chambers, to the increased peri- 
pheral resistance. It may be 
assumed that the increase in SV in 
the 20th s of compression, in the 
absence of changes in HR or with 
some tendency toward bradycardia, 
is due to increased delivery of 
blood to the heart as a result of 
increased venous return at this 
time. It should be noted that, 
using the method of dilution of 
radioactive tracer, we determined 
in several subjects the volume of 
blood in the vascular region of the 
lower limbs (from the foot to the 
upper third of the thigh), and it 
constituted a mean of 1000 mg. 

With production of pressure in the 
“crural” and “thigh” chambers of the 
AGS, about 600-700 m~ of blood 
shifted to the upper body. If we 
consider all of the foregoing, we 


see that there is a consistent increase in cardiac activity in the 20th s 


of compression. 


As for the slight decrease in TPR, it may be assumed that 


this reaction is caused by the increased capacity of the vascular bed in 
response to shifting of blood in a cranial direction, as a result of vas- 
cular occlusion in the lower extremities and elevation of intraabdominal 


pressure. 
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Interestingly enough, A. G. Kartseva [10] found similar changes, 











in the form of diminished TPR with increased MV and SV, aa well ae relative 


bradycardia, in eatudies involving ligation of the abdominal artery of 
animale, 


Under conditions of constant pressure in the AGS chambers, the gradual 
relative decrease of SV and MV can apparently be considered a manifesata- 
tion of compensatory reaction of the body to increased delivery of blood 
to the heart, great vessels and peripheral vascular system as a result of 
redistribution of blood, Marked flushing and some puffiness of the torso, 
upper extremities and face of the subjects are among the objective signe 
of plethora of the peripheral vascular system, The decrease in SV ie 
apparently the decisive factor in the tendency toward poorer function of 
the heart, which ia observed at thie time. 


The nature of changes in main hemodynamic parameters in the aftereffect 
period is determined by the increase in capacity of peripheral vessels and 
decrease in TPR with removal pressure from the AGS chambers, The 
decrease in peripheral vascular resistance causes a drop of AP and an 
increase of HR. The degree of decrease in TPR is determined not only by 
discontinuation of mechanical compression of vessels, but reactive hyper- 
emia in the compressed areas [2]. 


Thus, the change in the set of hemodynamic parameters indicates that the 
greatest shifts are observed immediately after creating and immediately 
after removing mechanical compression, At the same time, in the course 
of such compression, there is some tendency toward recovery of the 

base volumetric characteristice of circulation, which can apparently be 
considered a manifestation of compensatory reactions in response to 
mechanical compression of the lower body. 
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AUTOMATIC CONTROL OF GAS EXCHANGE IN THE AUTOTROPHIC COMPONENT OF A LIFE 
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[Article by V. L. Korbut, submitted 25 Oct 78] 
[English abstract from source) 


The paper describes an automatic gas excha control system for the autotrophic 
component in the life support system of heterotrophic organisms. The paper shows how 
the automatic contro! system of the autotrophic component. (wheat) can be combined 
with that of the heterotrophic component (four white rats). The study has demonstrated 
a high efficiency of the automatic gas exchange control system of plants integrated 
with animals. The study has also provided balance characteristics of the integrated gas 


exchange in the plant-animal system. 


[Text] The task of controlling gas exchange of the autotrophic component 
with variable load, as dictated by the requirements of organisms that are 
elements of the heterotrophic component, is quite important to the life 
support system (LSS) that contains an autotrophic component to provide 
oxygen and utilize carbon dioxide of heterotrophic organisms (including 
man). 


The need for continuous control of gas exchange of the autotrophic component 
when it is combined with a heterotrophic one is due to the biological 
variability of different specimens of these components in the course of 
their growth and development, changes in mass exchange and reactions to 
possible environmental factors that could lead to significant fluctuations 
in uptake (output) of 02 and CO2. Moreover, the gas exchange coefficients, 
K = CO02/02, of autotrophs and heterotrophs do not coincide, which leads to 
continuous increase or decrease in concentration of one of the chief elerents 
(CO2 or 02) of gas exchange therein [1, 2]. These causes prompted us to 
develop a special system for automatic control of gas exchange when the 
autotrophic and heterotrophic components of an LSS are connected. 
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Methods 


We used wheat grown in a sealed phytotron ae the model of the autotrophic 
element. The heterotrophic element was modeled by four albino rata put 
into a special airtight chamber (AC) that was equipped with special 
gates to replenish the supply of feed and remove excrements, 


An automatic control system, the functional block diagram of which is shown in 


Figure 1, was developed to implement control of gas exchange in the 
plant--animal system, 


An URAS=2 carbon dioxide gas ana- 
lyzer maintains the CO», concentra= 
tion in the phytotron in the speci- 
fied minimum range of 0.31 vol.%. 
Upon reaching the specified lower 
range of CO, concentration in the 
phytotron, with the "min" setting 
on the secondary instrument of the 
gae analyzer the blower is turned 
on, which blows air through the 
gas exchange phytotron--AC-- 
phytotron system, as a result of 
which there ie equalization of 
concentrations of CO, and 0», 
































Figure 1. the 0» concentration in the phyto- 

Functional block diagram of automatic tron dropping and CO, concentration 
control of gas exchange in plant-- rising, while in the AC the con- 

animal system centration of 0, increases and CO, 
1) electric valve decreases. The top range of CO, 

2) blower concentration in the phytotron was 

ICP) operating relay? not regulated, and it depended 

I) pickup [sensor] entirely on gas exchange in the 

AU) automatic [control?] unit animals. We determined the inten- 


sity of gas exchange in the animals 

on the basis of increase in CO, in 
the phytotron after blowing air through the AC. If the concentration of 
CO. in the phytotron was less than the set minimum level after using the 
blower, delivery of a fixed dose of CO, from a tank was automatically 
triggered. The concentration of O02 in the overall gas exchange circuit of 
the plant--animal system was regulated by changing the 0) productivity of 
the plants. With increase in 0, concentration above the set level 
(21.0 vol.%), there was automatic decrease in level of exposure of the 
plants, and with decrease in 0) concentration below the set level, there 
was automatic increase in exposure level. Two-step regulation of exposure 
of the plants made it possible to maintain the 0) concentration with 
accuracy of 1.5+2.0% on the Magnos gas analyzer scale. 
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Upon reaching the set minimum CO, 
concentration (Figure 2), contact 
— Pl ie closed, which turne on 
| auxiliary relay P2 and time relay 
: PRL. If relay P2 had not been on 
: previously and more than t, hae 
Zs 6 elapsed after operation of Pi, 
. power ie delivered through closed 
rae contacts PBL, PBR2 and P3 to the 
electric valve (SK) which, when 
; it is open, delivers a dose of 00, 
——— Sp to the phytotron with the plants. 
o- Ly 
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onsale After a fixed time t,, contact PBI, 
matter ie released and shute the OK. 
tod Contact PBL, ie released, setting PR? 
Lh in the initial position and turning 
Beas .- andl on P3, which ie connected through 





= contacts P3 and K4 to the power 
source, independently of contact 


PBl,. Relay P3 blocks, through 
no normally closed contacts, delivery 























—' | | eo of 00, into the phytotron from the 
um og | ae a tank, Time t, is selected on the 
basis of paseage through the 3 
“ne — | ce of the 00, dose sufficient to 
a increase ite concentration in the 
a nA phytotron by 0.01-0.02 vol.% and 
reliable release of contact Pl. 
fo nf de After contact Pl is released, PB1, 
is set back to its original posi- 
tion and PBl, is released, turning 
Figure 2. PB2 on, which operates after time 
Chart and time diagram of auto- tp (l=2 min). Time ty is needed 
matic stabilization of CO, concen- to prevent false operation of the 
tration in plant--animal system. circuit in the event of unbalanced 
pl) “min” CO, contact on secondary indication of CO, concentration in 
inetrument of CO) gas analyzer the phytotron. 


When the CO, concentration in the phytotron reaches the set bottom range, 
relays P2, PBl and PB2 operate in the same way as in the first case, and 

is not released, since the normally closed contact P3 is open, but the 
command electrical instrument (CEI) is turned on through contacts PB2, P2 
and P3. After an interval t, contact Kl is released, and it provides for 
the full cycle of CEI operation. Concurrently, there is release of contact 
K3 and the air pump, which provides for complete mixing of air in the phyto- 
tron and AC containing the animale, is turned on. After time t;., contact 
K2 is broken; it turns off PBl end thereby rules out the possibility of 

it operating before the end of mixing air in the phytotron and AC con- 
taining the animals. The air pump operates until contact K3 is disconnected 
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after time 1,, which ie chosen on 
the basis of air pump output and 


ec) &, r, three-fold air exchange in the AC, 


After the blower ise turned off 
i for a time Tt, there ia breaking of 
centration in the phytotron drops 
| 
_| 
_ 
/ 











conmact K4, and if the CO, con= 
below the set level (normally 
closed contact P2 ia open) the 
relay ia turned off, After time 
ty, K2 closes, turning PBI on, 

| and after time 1,, contact KI 
opens, The CEI motor is stopped, 

















er Thus, when P3 ia turned off, the 
i = ; circuit operates ae in the firaet 
nm = case and with P3 on ae in the 

—_ second, Time lage 1,, Te, Ty 
Seeeseaeeecee and ¢, are selected as short as 
possible. Intervale Tt»), Ts, Te, 
Te and Ty must conform to | + T¢¢ 
Tetty?te, which provides for 
actuation of PB2 by the time K2 
closes. The system that regulates 
O, concentration (Figure 3) consists 
of a pulsed step awitch (breaker) 
(CH), 0, concentration setter 
(relay P4), setters for maximum and 




































































| epee minimum exposure of plante (relays 
= 2 C— Kil. and Kii2), relays P5 and P6 
= that control the reversing motor 
&.__ wa _( 1. ft (PH) of the autotransformer, which 
————— = alters voltage to the DKSTV-6000 
lamps. If the 0. concentration in 
Figure 3. the phytotron drops below the set 
Chart and time diagram of auto- level, contact P4, which is normally 
matic control of 0, plant pro- open, is closed. The pulses pass 
ductivity in a plant-animal through contact Kl to P5 and Pil 
system increases the voltage of the Lamps. 


Exposure of the plants increases 
and reaches the maximum set level, KI12 closes, while KM1 opens, and Pil 
rotation stops. CH] is necessary to eliminate a lag between the change 
in irradiation of plants with change in voltage to the lamps and reading of 
irradiation sensor (Yanishevekiy pyranometer). The duration of CHI pulses 
was selected at ¢, = 1, with intervals of ¢, = 14 6. Switching on the 
normally closed contacts P5 and P6 precludes simultaneous operation of 
relays P5 and P6. Buttons KH] and KH2 make it possible to control plant 
irradiation aanually. 
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o f © 2 @ ww Days 
Figure 4, 
Dynamice of gas exchange of wheat in 
a plant-animal syetem 
1) plant CO», uptake curve 
2) curve of delivery of CO, from 
the tank with automatic correc- 
tion of ite concentration in the 
system 


The minimum level of irrediation 
(85 W/m* FAR [photosynthetically 
active radiation]) is selected so 
as to have the minioum 0, uptake by 
the animale greater than output 
thereof by the plants. The maximum 
level of irradiation (275 W/m* FAR) 
ia chosen so as to have 0, output 
by the plants higher than uptake by 
the animals. Adherence to these 
conditions assures efficiency of 
the system for control gas animal 
and plant gas exchange. 


Results and Discussion 


Studies of plant and animal gas ex- 
change were conducted by means of 

a especially developed automatic 
control system in the period between 
the 3let and 5let days of wheat 
vegetation. Figure 4 illustrates 
the curves of CO, exchange dynamics 


for wheat and animals, The balance characteristics of plant and animal 


gas exchange when contained in the same 
the Table. 


Gas exchange of plants and animals 


gas exchange circuit are listed in 


contained in the same gas —- 




















circuit — — - 
Plant age, |——COa,_£/day _ ; 0», Wasy ac 
days plant | animal 3) | intake- 009/04 of 
uptake | output lgelivery | output 
31 59.93 50.85 9,08 63,42 0,80 
32 50,33 47.13 3,20 53,52 0,88 
33 40,28 6 3,72 42,62 0,86 
M4 47,13 43,71 3,42 49,87 0.87 
35 43.88 31,13 12,75 46.43 0,67 
% 46,31 38.27 8,04 49.01 0,78 
37 46,75 45,15 3.60 51,59 0,87 
x 32.55 31,3) 1.24 M4 0,91 
x” | 46.44 41,0) 5,43 49.14 0,83 
40 46.44 4,13 2,31 49.14 0,90 
4\ 60.44 52.07 8,27 63.85 0,82 
42 54.38 49,52 4.68 57.54 0,86 
43 46.61 43,36 3,25 49,32 0,88 
44 46.39 48,39 0 51.20 0,94 
45 62.29 56,04 4.25 65.92 0.88 
46 56.23 50.30 5.93 59.50 0.85 
47 33.4) 30,63 2.78 35.35 0,86 
48 45.58 39,40 6,13 48.18 0,82 
49 57.68 52,95 4,73 61,04 0,87 
50 65,37 52,92 12.45 69,17 0,77 
5! | $8.66 56,83 1,61 62,05 0,92 
Over observation 1050.91 943,66 107,25 1112.30 | 0,65+0,07 
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The submitted data indicate that the coefficient of gas exchange of animals 
in a esyatem that is closed for gas exchange constitutes 0,850.07. There 
was automatic regulation of frequency of blowing air through the chamber 
with rate (3-4 times per hour). During the time of operation of the 

closed system, the wheat plants put out 1112.30 % O2 and took up 1050.91 & 
CO, (943,66 & output from the animals’ breathing and 107,25 % delivered into 
the system from the tank). Thus, in an O2-balanced closed system, with a 
gas exchange coefficient of 0,95 for the plants and 0.85 for the animals, 
the COg content will decline at a rate of about 10% of 0, output (or 
intake). When plants and animals were contained in the same gas system, the 
mean concentration of COg in the phytotron with plants was held at 
0,31%0,02 vol.% and mean 02 concentration at 21,0%0,02 vol.%. In the course 
of keeping plants and animals in the same gas exchange system, there was 

a 3-fold exchange of oxygen in the closed system by the 18th day, after 
which the animals’ respiration occurred entirely at the expense of 02 of 
biogenous origin, liberated from plant photosynthesis. By the time the 
experiment was terminated, O02 exchange in the atmosphere of the closed 
system constituted 3.73-fold, and for CO2 it was 239-fold, Vital functions 
of the animals and plants proceeded normally, and the animals' weight 
increased from 200 to 280-300 g. The grain yield by the end of the 
vegetation period constituted 1012.8 g/m* dry eubstance, which is consistent 
with data in the literature pertaining to growing wheat plants under arti- 
ficial conditions [3]. 
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DRINKING WATER 
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[Article by S. V. Chizhov, Yu. Ye. Sinyak, M. I. Shikina and T. D. 
Kalinichenko, submitted 15 May 78] 


[Text] One of the most important tasks in developing life support systems 
during space flights is to devise methods for ongoing monitoring of the 
quality of potable water reclaimed from waete. 


It is known that impurities inherent in the initial products may get into 
reclaimed water intended for drinking in concentrations that are hazardous 
to human health if there is infraction of the technological conditions or 
depletion of the treatment system's resources. First of all, the impurities 
of organic origin present a hazard (alcohols, acids, hydrocarbons and 
others) [1], the most efficient monitoring of which is done by the 
luminescence method and the method of measuring total carbon [2-5]. 


Our objective here was to explore the possibility of using the luminescence 
method for ongoing monitoring of the quality of drinking water reclaimed 
from the condensate of atmospheric moisture (CAM) and obtained from 
dissociation of hydrogen peroxide. 


Methods 


The property of a mixture of complex organic substances to fluoresce, as well 
as the capacity of simple organic compounds (alcohols, acids, etc.) to 
quench the fluorescence of uranyl sulfate [6] served as the basis of our 
work. We used the semiautomatic Ultraviolet fluorimeter. An SVD-120 lamp, 
with an UFS-1 light filter, served as the source of excitation. The spectra 
of the substances inherent fluorescence were recorded on an SDL-1 spectro- 
photometer. Concurrently, blood samples were analyzed for organic admixture 
content by the methods of bichromate oxidizability [7] and chromatography 
for the purpose of making comparisons and determining the threshold values 
obtained by the tested method. We examined the sensitivity of the instru- 
ment to the most elementary alcohols and acids, which are primarily 
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liable to get into the reclaimed water, For this purpose, we teated model 
solutions in the range of concentrations from 10"! to 10" %, 


We examined the effects of construction materials used in the reclamation 
system on sensitivity and accuracy of inatrument readings. We used ion 
exchange resine of the KU-2-12P, KU-2-8cha, AV-17-10P, AV-l7-8chs types, 
PAU-SV, SKT=SV activated charcoal, polyvinyl formal foam (PVFF), an SP-6 
sterilizer and MP-16 mineralizer. After the resine and charcoal, we firat 
passed distilled water, then a CAM substitute (chemical oxygen index--COl-- 
250 mg/2) through the PVFF, SP-6, MP-l--distilled water. We evaluated the 
quality of the water reclaimed from the CAM substitute and that obtained 
from dissociation of hydrogen peroxide, as well as from a real CAM, 


Results and Discussion 


The findings revealed that the sensitivity of the Ultraviolet inetrument 
constituted 10°°% for alcohols and 10™"% for acids, When the obtained 
data were scaled to bichromate oxidizability, the sensitivity of the 
fluorescence Ultraviolet instrument conforms with the requirements of 
existing standards for reclaimed water according to this parameter. 


Studies of construction materials revealed that, in the experiments with 
distilled water, the resins and charcoals of the tested brands had no 
effect ca the reaiings (in millivolts) of the luminescence instrument. 

The intensity of .uminescence of filtrates was in the range of 2-3 mV. 
Upon sorption pucification of the CAM substitute, gel-like lton-exchange 
resins imparted .vuminescence to reclaimed water, and it did not disappear 
when the water wae filtered through activated charcoal. Such a phenomenon 
was not observed with the use of porous ion exchange resins. Upon contact 
of gel-like ion exchange resins with CAM, apparently a complex process 
occurs: migration of organic compounds from resin into liquid. This 
conclusion can be derived from the results obtained previously, when 

the luminescence method was used to assess the quality of a water extract 
from gel-like resins [3]. This finding is very important to water 
reclamation systems that work intermittently. When resins remain in 
liquid for a long time, impurities are discharged that have considerable 
fluorescnece of their own and that may be toxic. However, there was 
insignificant change in bichromate oxidizability of these soluticrs. An 
extract of PVFF with COI of 20 mg/f after sorption purification presented 
its own luminescence, which coincided with the range of fluorescence of 
distilled water (less than 3 mV) and did not hinder determination of 
degree of purity of water. 


As a result of discharge of silver ions in concentrations of 2 mg/2 into 
distilled water, the SP-6 sterilizer imparted luminescent properties to 

it and hindered determination of its purity; the intensity of fluorescence 
of the filtrates was in the range of 5-7.5 mV. 
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a ™ Figure 2. 
| Changes in COI and fluorescence 


IO ’ 
| aI during the process of CAM reclama- 


tion; y-axis, volume of reclaimed 


Www 66 le water (2); yraxis, readings on 
Ultraviolet inatrument (mV) and 
Figure 1, COL (mg/ 2) 
Spectra of intrinsic fluorescence; 1) COL (mp/2) 
x-axia, wavelength (nm); y-axie, 2) intensity of fluorescence in 
fluorescence (relative unite, %) the presence of uranyl sulfate 
1) CAM with COI of 400 mg 0,/2% 3) intensity of intrinsic 
2) urine filtrate after estab- f luorescence 


lishment of low-temperature 
evaporation, COIL 260 mg/t 
3) condensate of hydrogen peroxide 


4,5) water reclaimed from CAM, COI The MP-16 mineralizer discharged 
50 and 25 mg/L, respectively calcium and magnesium salts into 
6) distilled water water, which caused the water to 


fluoresce at an intensity of 3-4 mV. 
Thus, it was established that it is desirable to locate the instrument for 
monitoring the quality of reclaimed water after the unit of treatment 
columns and before the unit for conditioning [grading?] the water. 


The results of analyzing water during reclamation from CAM and a mixture 

of products are illustrated in Figures 1 and 2. Figure 1 shows the 

spectra of intrinsic fluorescence of the tested products. The CAM has 

an intensity of 30-50%, which corresponds to 5-7 mV on the Uitraviolet 
instrument. The spectrum maximum is in the range of 430-500 nm. 

The spectrum of inherent fluorescence of samples of pure reclaimed water 
(COL less than or equal to 50 mg/L) was significantly smaller than the 
intensity--15-20 relative units, which corresponded to 2-3 mV on the 
instrument. The intensity of the spectrum of intrinsic fluorescence of 
distilled water did not exceed 15 relative units. In the course of reclama- 
tion, the intensity of intrinsic fluorescence changed insignificantly at 
first, and did not exceed 3 mV. With increase in COI to 50 mg/2f or 

more, the intensity of intrinsic fluorescence began to increase, reaching 
5-7 mV in some cases. With addition of uranyl sulfate into samples of 
reclaimed water we observed a decrease in fluorescence, from 8 to 4 mV on 
the Ultraviolet instrument, with increase in value of COI from 10 to 45 mg/L 
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According to the results of chromatographic analysis, methanol, ethanol and 
acetic acid, which quench the fluorescence of urany!] sulfate, get into re- 
Claimed water, When more complex organic compounds inherent in the origina! 
product (acetaldehyde, acetone, butanol, propanol and others) got into re= 
Claimed water, there was an increase in COL and intensity of fluorescence 

of filtrate with uranyl sulfate, There was superposition of the enhanced 
intrinsic fluorescence over that of uranyl sulfate. Identical results were 
Obtained with the CAM substitute and the real product, 


Analysis of the results of assessing water reclaimed from a mixture of 
condensate of atmospheric moisture and water obtained from dissociation of 
hydrogen peroxide failed to demonstrate any basic differences from the 
findings in studies of water reclaimed from CAM, The intensity of intrinsix 
fluorescence of water obtained from dissociation of hydrogen peroxide 
corresponded to 15% and did not affect fluorescence of the CAM, 
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UDC: 629, 78:631, 589.2 


CHOICE OF METHOD FOR LONG-TERM STORAGE OF NUTRIENT SOLUTIONS USED TO 
GROW VEGETABLES 


Moscow KOSMICHESKAYA BIOLOGIYA I AVLAKOSMICHESKAYA MEDITSINA in Russian 
No 5, 1980 pp 79-81 


[Article by I. V. Gribovekaya, I. A. Gladchenko, 0. I. Novoselova, 
G. 8. Petrov and L. L. Martynenko, submitted 9 Oct 79) 


[Text] There are specific elements to raising higher plante under space 
flight conditions, as compared to cultivation thereof under artificial 
conditions in phytotrons on the ground. The nutrient medium used must 

not have to be replaced, and there must be automatic control of biogenic 
constituents and pH by means of addition of nutrient solution supplements. 
At the same time, the nutrient solution must withstand long-term storage 

in concentrated form, in containers of limited size. The materials used 

to construct phytotrons and containers for nutrient solutions must not 
weigh much ["must not have high specific gravity"] or interact actively 
with the medium to avoid significant changes in pH as time passes, precipi- 
tation of sediment and additional discharge of elements into the environ- 
ment. Questions of nutrition of higher plants in ground-based phytotrons 
have been discussed rather comprehensively in the literature [1-4]; however, 
there has not been adequate solution of this problem for space flight 
conditions [5]. There are works that deal with materials used in 
cultivators and phytotrons (6-7). However, this does not preclude the need 
for additional studies to select construction materials for each specific 
case, 


The objective of such studies includes the following: choice of conditions 
that permit storage of nutrient solution for 3 months in a stable state, 
without sediment, and with maximum possible concentrations of constituents; 
testing the construction materials used for corrosion, possible changes in 
solution pH, precipitation of a saline sediment, for sorptive and desorptive 
properties of materials with regard to minerals. 


Methods 


Studies were made with balanced, concentrated nutrient solution of the 
following composition: 80.5 g KNO,, 46 g Ca(NO,)»*4H,0, 1 g HNO,, 14.1 ¢ 
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KiePO«; 3 g He80. and 17,8 @ MgSOu*7He, To the solution we added 0,03 mi 
iron citrate, 12 m solution of trace elements according to the preacrip- 
tion of Knop, 0,4 g Trilon B, The construction materials intended for use 
in the phytotron during space flights are liated (Table 1), 


Table 1, Characteriatics of teated construction materiale 








Material Brand Proposed use 

Metal OT=4 Containers for nutrient 
solutions 

Untreated (sheet) aluminum alloy AMg6 Same 

Electrochemically oxidized 

aluminim alloy AMg6 Same 

Sheet rubber (0.3 mm thick) Membranes 

Rubber ring M1~14*8=2| Gaskets 

Hot water bag rubber Flexible containers for 
diluted nutrient solution 











With respect to quantity, the proposed nutrient solution provides for 
growing 7 kg crude biomass of radishes by the subirrigation method over 
the vegetation period (24 days) per square meter; 4 kg radish biomass 
was referable to the root crop (228 g dry mass) and 3 kg to the leaves 
(204 g dry mass). The estimated intensity of continuous irradiation of 
the plants constituted 60 W/m*, All of the tests with nutrient solution 
in contact with the materials and without them were conducted in glass 
flasks at room temperature, The tested salts (Table 1) were dissolved in 
200, 400, 600, 800 and 1000 mi distilled water and stored for 3 months. 
Throughout the study period we monitored (once a week) changes in pH, 
appearance of saline sediment and signs of corrosion. 





The method for using the tested concentrated nutrient solution to grow 
radishes in a spacecraft or station provides for long-term storage thereof 
in metal containers. At the time the phytotron is started up, half of the 
stored concentrated nutrient solution of the proposed composition must be 
delivered into elastic containers and diluted in distilled water to a 
volume of 2 2. Delivery of the nutrient solution from the rubber bags 

to the cultivator proceeds automatically through a batcher, when there is 
a change in solution pH (normally pH is 6.0-6.7). 


Results and Discussion 


Our results revealed that the complete set of salts of the nutrient solu- 
tion cannot be stored in amounts of 1 liter or less, since the salts 

form a sediment as early as the first week of the experiment. It is not 
expedient to increase the volume of nutrient solution to 3 &£ or more under 
space flight conditions. For this reason, we decided to divide the solution 
into two parts. This enabled us to reduce the overall volume and, 
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consequently, the mass of solutions, as well as to extend significantly 
atorage time (Table 2), 


Table 2, Chemical composition of constituents of nutrient solutions 








Composition Amount, ¢ Composition Amount, 8 
KNO, 80,5 Kip POw 14,1 
Ca(NO;)9*4H,0 46,0 MgSO. *7H)0 17.8 
HNO, 1,0 H280, 3.0 
Fe (in citrate form, 50 g/2) 6.6 Trace element solution 12 
Trilon B 0,2 Trilon B 0,2 














*Given in milliliters [asterisk not shown in table). 


The teste with the first solution revealed that 400 mhise the smallest 
amount, in which all of its constituents can be stored in a stable state 
for a long time, without change in pH. A sediment is precipitated if 

it ie stored in smaller amounts (300, 200 mg). 


The conditions for preparing the solutions provided for successive dissolu- 
tion of salts in small batches, in distilled water heated to 50-60°C, The 
solution of iron citrate was added last. To increase solubility of the 
salts, we added 1-2 mi HCl, pH 0.5-1.0, for every 400 m& solution. 


The second solution can be stored in a glass flask for a long time in 
amounts of at least 600 mi. It was prepared in the same way as the first 
solution (pH 1,6-1.8). 


Contact with the tested materials did not always affect storage of nutrient 
solutions in the same way, In the presence of Ti, sheet rubber and the 
rubber ring, solution No 1, in a volume of 400 mi, did not change its 
properties for the duration of the experiment. In solution No 2, in a 
volume of 600 mi, a saline sediment appeared and solution pH changed in 

the presence of the above-mentioned materials; storage thereof with these 
materials can be guaranteed for 3 months only if the volume is increased to 
800 mi. 


Treated and untreated aluminum alloys AMg6 were found to be the most un- 
stable of the tested materials with regard to interaction with nutrient 
solutions. In the first solution, in an amount of 400 mi, pl changed 

from 0.7 to 3,59 in the presence of AMg6 during the experimental period 

(3 months), and in the second solution, in a volume of 800 af, it changed 
from 1.7 to 2.4; a saline sediment appeared on the 5th-7th and 2d-3d weeks 
of the experiment, respectively. Increasing the volume of the second solu- 
tion to 1-2 2 in the presence of the AMg6 alloy merely postponed appearance 
of the salt sediment by 1-2 weeks. Formation of the sediment was preceded 
by appearance of a black oxide film on the metal, which came off the metal 
in flakes when the solution was shaken, and then formed again wpon further 
storage of the solution. By the end of the experiment, the meta, had a 
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rough corroded surface, The treated AMg6 alloy had no appreciable ad- 
vantages over the untreated one; when interacting with the solution there 
was always formation of the oxide film on the metal, as well as a salt 
sediment, with some change in time of appearance of these signa, depending 
on the rate of change in solution pH, 


The hot water bottle rubber was tested in diluted nutrient solutions (solu- 
tion No 1 was diluted 10-fold and No 2 5-fold), During the J-month experi- 
ment no salt deposits were demonstrable, but pH changed from 2,0 to 5,0-6,0 
at the end of the teat, At the same time, there was active development of 
microscopic fungi in solutions that were in contact with this rubber. 


As a result of comparative spectral analysis of nutrient solutions with and 
without materiale, it was found that metals have essentially desorptive 
properties, The Ti sheet discharged only one element into the first 
solution, Ti in amounts of 0,058% (provided there was 2 cm metal surface 
per 100 m& solution). The sheet AMg6 alloy had the greatest desorptive 
properties (3 cm metal surface per 100 m? solution, associated with 
emission of Al, Mn, Fe, Cr, Ni, Ti, Cu in the following amounts (in mg%): 
300, 0.8, 37, traces, traces, traces, 0.2, respectively, in solution No 1, 
and 70, 6.0, 1.0, 0.06, 0.07, 0.1, 0.2 in solution No 2, 


As can be seen, the quantitative and qualitative composition of elements 
released by the materials were related to the composition of the solution 
and its pH. Soluion No 1 had a lower pH than No 2--0.7 and 1.7, respec- 
tively. Considerably more Al, Fe and Cu, but less Cr, Ni and Ti were 
discharged into solution No 1 than solution 2, It must be noted that the 
figures cited for the treated AMg6 alloy are 10-12% for most elements than 
for the untreated alloy. There are differences in Ni content: Ni was 
discharged in amounts of 0.07 mg% from treated AMg6 into solution No 2, 
whereas only trace amounts were released fromuntreated allow. There was 
desorption of Zn, Cu, Al, Pb and Ni from the rubber of hot water bottles 
in solution No 2, with sorption on its surface of Fe, Mn and B. 


All of the tested construction materials had not been used prior to our 
experiment. However, it must be borne in mind that the desorptive proper- 
ties of both metals and other materials diminish in the course of repeated 
use. The change in desorptive properties of materials as a function of 
time, pH, temperature and treatment of materials was described by us 
previously [6], and we had demonstrated that there was a 2-5-fold decrease 
in emission of elements from materials into solution over a 2=month test 
period. Consequently, prior to the use of a newly constructed device, 

all parts thereof that come in contact with nutrient solutions must be 
submitted to preliminary treatment in order to lower the desorption level. 
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UDC: 612.766, 2-084;612)-082 
METHOD FOR PRODUCING CLINOSTATLC HYPOKINESIA LN MONKEYS 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
No 5, 1980 pp 82-84 


[Article by T. G. Urmancheyeva and A.A, Dehokua, submitted 14 Nov 79) 


[Text] One can achieve some degree of restriction of movement by monkeys 
by keeping them in primatological chairs, which are widely used in experi- 
ments for partial immobilization of animals [1]. It has been demonstrated 
that keeping monkeys in a primatological chair for a long time (4 weeks to 
2 years) does not have an adverse effect on their physiological state [2, 
3). Long-term immobilization of different extremities by means of metal 
straps was used for the study of morphological, biochemical and physiolo- 
gical changes in the skeletal muscles of lower monkeys [4]. A special 
suspension device has been described for immobilization of marmosets 

with rigid, plastic bars ["tires"?] [5]. During flights over a ballistic 
curve, monkeys were immobilized with a tightly fitting sheath in a rigid 
metal frame [6]. D. Kh. Born and M. N. Golarts de Born [7] placed 

Macaca rhesus monkeys in rigid porous suits, leaving the hands and feet 
free, to restrict the activity thereof in horizontal position, 





Methods 


We tested a method of producing clinostatic hypokinesia in monkeys by 
means of special overalls. The monkeys (Macaca rhesus) were restricted 
by these overalls, which buttoned in the back and had an opening 

in the perineal region. Over the entire length of the suit, from the 
arm-hole to the ankle joint, pairs of tapes were stitched into the side 
seams at a certain distance from one another. These tapes are passed through 
openings that were made in canvas-covered cot (wooden frame, 110*50x70 cm 
in size) and tie the overalls to the cot (see Figure). With such immobi- 
lization, the animal's legs are extended in the hip and knee joints. 

It retains freedom of movement in all of the arm articulations and in the 
ankles. The monkey was turned from back to abdomen periodically, every 
2-3 days. An intact monkey (Macaca rhesus, No 15858, 3 years old, 

weight 3.6 kg) was kept immobilized under the above-described conditions 
for 45 days. 
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Macaca rhesus immobilized in horizontal position (prone) on cot 


Throughout the period of hypokinesia we measured the monkey's arterial 
pressure (according to Korotkov) twice a day. We recorded the EKG at 
different stages of the experiment with the animal in both supine and prone 
positions, in the standard and chest leads. We kept a log of the animal's 
general behavior and attitude toward food daily, during the 45 days of 
hypokinesia. Immediately after termination of the experiment, we tested 
orthostatic stability by means of 4 passive orthostatic test (on a emali 
turntable) using a method developed by G. 5. Belkaniya [8]. During the 
orthostatic test, we measured arterial pressure and took the EKG in the 
standard leads, in horizontal and vertical position, then after 5, 10, 15 
and 20 min of orthostatic position. 


Results and Discussion 


During the first hours of immobilization in horizontal position, the monkey 
presented severe motor excitation related to attempts at freeing itself; 
there were vocal reactions and elevation of arterial pressure (AP) to 
140/80 mm Hg. However, the animal calmed down as yearly as 6 h after 
immobilization and AP dropped to base levels (120/60 mm Hg); the monkey 
ate willingly from the experimenter's hand. Throughout the period of 
hypokinesia, the animal was approachable, reacting adequately to the 
surroundings and experimenter. We failed to detect any changes in the 
animal's attitude toward food throughout the experiment, with the exception 
of the first 2 weeks, when it often refused water and other liquid forms 

of food. 
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in the course of the experiment, AP ranged from 115-125/60-65 to 130/75 am 
ig, i.@., it was in the physiological range, [EKG's taken at different 
stages of immobilization failed to demonstrate reliable changes in pulse 
rate or quantitative changes, ae compared to base data with the monkey 

in prone position. In supine position, sinus arrhythmia developed on the 
2d-6th days. The EKG showed slowing of the pulse. 


During the 45 days of hypokinesia, the monkey's weight dropped from 3,6 to 
3,0 kg, t.e., by 17%. In thie time, animale of the same age group showed 
a weight gain of 511%, The circumference of the legs decreased from 11,7 
to 9.0 em by the end of the experiment (see Table). The observed decrease 
in weight and circumference of the Lower extremities conformed with 

findings referable to long-term immobilization of man and animale [9-12]. 


Dynamics of changes in body weight and leg circumference of the 
monkey after 45=day hypokinesia and during the readaptation period 


Recovery period, days 
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The orthostatic test conducted after 45 days of hypokinesia revealed 
shortening of the period of the primary vascular reaction to 10 min, 
after which, in the 15th min, there was development of progressive ortho- 
static hypotension. The changes in cardiac rhythm were not marked during 
this test and, along with the nature of the primary AP reaction, were 
indicative of diminished orthostatic stability. 


The monkey presented signs of adynamia after hypokinesia: motor activity 
was diminished, as compared to its usual behavior. There were distinct 
disturbances referable to locomotion, running and climbing. When moving 
over the floor of the cage, the monkey dragged its hind legs. When 
climbing. the legs slipped off the screening, the movements were broad 

and inaccurate. Impaired flexion of the hind legs, diminished locomotor 
reaction and ataxia persisted for 2 weeks of the readaptation period. Con- 
currently, there was palpable decrease in muscle tone of the lower limbs. 
In this period the monkey continued to lose weight (from 3.0 to 2.6 kg). 


The leg circumference reverted to its initial size only 27 days after the 


experiment. Body weight was restored only by the 48th day of readaptation 
(see Table). 
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On the whole, the disturbances that developed (weight loss, decreased volume 
and tonue of muscles of the lower extremities, etatokinetic disturbances) 
and dynamice thereof in the readaptation period were similar to those seen 
in man submitted to long-term clinostatic hypokinesia [13-16]. 


Consequently, the method we developed for immobilizing and keeping monkeys 
in horizontal position for a long time can be used to simulate the effects 
of clinostatic hypokinesia on these animals, 


The described method has already been used at the Inatitute of Experimental 
Pathology and Therapy of the USSR Academy of Medical Sciences in a 32-day 
experiment on 5 monkeys (Macaca rhesus) to study the effects of clinostatic 
hypokinesia on adrenal and gonadal functions. 
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DISCUSSIONS 
UDC: 613.693:612.821]:658,311.44 
CERTAIN PERSONALITY CHARACTERISTICS AS RELATED TO SUCCESS OF PILOT TRAINING 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHESKAYA MEDITSINA in Russian 
No 5, 1980 pp 84-87 


[Article by Ye. V. Bannov and V. S. Lozinskiy, submitted 31 Aug 79) 


[Text] Psychological screening of candidates for flying schools is one 
of the aspects of solving the problem of effective and safe flights. At 
the present time, much importance is attributed to complex examination of 
individual psychological distinctions of candidates in professional 
screening for higher flying schools. 


Studies are made not only of the main mental processes, but of personality 
traits and mental states. 


Personality methods are being introduced into the practical psychological 
screening of candidates for flying schools in accordance with the studies 
of B. L. Pokrovskiy and N. F. Luk’yanova [1, 2]. 


We have studied here the overall correlation between measured personality 
traits and such indicators of achievement in flight training of cadets as 
level of development of the main mental processes, flying skills [abilities], 
training and check-out [test] flying hours in basic flight training. 





Methods 


In the course of this study, we examined cadets at a higher flying school 
using the MMPj method [3] and 16-factor analysis of the personality [4]. 
Along with personality tests, we held individual conversations in order to 
Study personality distinctions, states and to define the test results ob- 
tained with the personality methods. 


We also used data referable to observations during psychological screening 
and training of the cadets at the school. In all, we surveyed 1044 cadets. 
They were questioned and examined at the time of enrollment at the school 
and after completing the first, second, third and fourth courses* A total 
of 2662 examinations were made by the method in [3] and 2918 interrogations 
by the method in [4]; we held 1118 conversations and gathered more than 
®"Course" probably refers to year [translator's note]. 
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9000 ratings of the cadets' achievement. The obtained data were submitted 
to statiatical processing on a computer, In the group of cadets who were 
the beat in flying achievmenc and individuals who had difficulty in asai- 
milating the flight program, we determined the following parameters: arith- 
metic means of 33 personality traite and 6 parameters of an external 
criterion (level of development of the main mental processes, flying skills, 
capabilities, training and check-out runs, number of flights and 
time); mean square deviation of parameters; coefficient equaling the ratio of 
mean arithmetic to standard deviation; mean error of mean values; relia- 
bility of differences between compared parameters; coefficient of correla- 
tion between the parameters studied, We derived averaged profiles for 

the compared groups and determined significant correlations between the 
parameters studied, 


Results and Discussion 

Figures 1 and 2 illustrate the averaged profiles of candidates who were 
the best achievers and individuals who had difficulties in assimilating 
the flight program, 


Analysis of the averaged data enabled us to demonstrate a number of basic 
personality traits inherent in both the good and poor cadets, 
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Figure l, Figure 2, 
Averaged data by the MMPj method for Averaged data from the 16-factor 
candidates with good flying skills personality questionnaire for 
(solid line) and those experiencing cadets with good flight skills 
difficulties in assimilating the (solid line) and those experienc- 
flight program (dash line) ing difficulties in assimilating 


the flight program (dash line) 


The personality traits of good and poor cadets are characterized by such 
distinctions as activity, vigor, sociability, self-confidence, decisive- 
ness, courage, purposefulness, well-developed sense of duty, responsibi- 
lity, vivid emotionality with a high degree of self-control. At the 
same time, there are some personality traits that are inherent in repre- 
sentatives of either group. 
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Thus, the pro’iles of the poor achievers were characterized primarily by 

an increase in values on acales 1, 3, 4, 6, 7 and 8 of the MMP} (L, F, K-- 
acales for determining the reliability of teat performance; l-=degree of 
fixation on one's health; 2=-tendency toward agitation, control of emotions; 
Jewemotional lability, social flexibility, conformity; 4==-tendency to 

take risksa, impulsiveness, high level of pretentiousness; S5--masculine and 
feminine personality traits, orientation of sexual interests; b-=-rigidity 

of judgments, “hardness” of sets, persistence, stubbornness; 7--anxiety, 
paychasthentc features; S=-uniqueness of thinking and perception, intuitive- 
hese; Ye=level of activity and optimiam; O--social introversion=-extrover= 
Bion). A statistically reliable increase in levels waa Hoted on scales 3, 
4, / and 6. These cadets were more willful, reatleas, excessively self- 
confident, emotionally immature, argumentative, adjusted poorly to the 
group, notable for demonstrative nonconformity, increased impulsiveness and 
inadequate self-control over emotions, 


According to the l6=factor questionnaire, the group of achievers differed 
from the poor achievers in that they prescnted higher factors B (intellect), 
C (emotional stability), F, N. Qy and lower A, BE, H, i, 1, M, 0, Q) (A=- 
reserve=--gregariousness; Be-concrete thinking=--abstract thinking; C-=- 
sensitivity--stability, rationality; E=--compliance--domination; F--sertous- 
neea=--cheerfulness; G--initiative--compliance; H--undecisiveness-<desicive- 
ness; i--emotional maturity, realistic--tendency toward fantasizing, 
refinement; l-<trustfulness, adaptability--inflexibility, preference for 
one's own opinion; M--practicality=-<impracticality; N--ingenuousness-- 
calculation; 0--self-confidence--anxiety; Q,--conservat ism--innovativeness; 
Q,--dependence on group--independence; Q,--internal conf lict--self-control; 
Qy--relaxed calmess--high motivation). This shows that in the good 
achievers there was greater development of such characterological per- 
sonality traits as practical approach to solving intellectual problems, 
self-criticieam, emotional stability, social flexibility, good equilibrium, 
objectivity, decisiveness, courage and adequate self-control over emotions, 


As a result of analyzing the profiles by the MMP{ method of the good and 
poor achievers in flight training, we demonstrated an increase of this 
parameter on scales 2, 7 and 0 (along with slightly elevated 5 and 9) in 
5.3% of those examined. Of these, the good achievers constituted 1.2% and 
poor achievers 1.8%. The cadets in these groups were characterized by 

a tendency toward anxious reactions, marked desire to avoid failure by 
increasing control of their actions, more thorough preparation for classes, 
tests, flights, they think out (run through, utter) elements of activity, 
they are industrious, compliant, conscientious, experience tension during 
flights, passive in social life, are notable for being suggestible, 
having a low opinion of themselves and limited range of socialization. 


Elevation of the profile on scales 4, 6, 8 and 9 in different combinations, 
with increased scale 2, is encountered in 2.7% of the cadets surveyed 
(1.1% being referable to the best achievers and 0.8% to the poor ones). 
Cadets with this profile are notable for such characterological features 
as high level of incentives and activity, marked tendency toward competi- 
tiveness, large reserve of optimism, courage, bravery and a tendency to 
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take chances, These personality traits are combined with such elements as 
emotional immaturity, inadequate control over emotions, impulsiveness, 
stubbornness, excessive confidence in Che accuracy of one's position, 
difficulty of interpersonal contacts and overestimation of one's own 
capabilities, 


Correlations between measured personality traitea and criteria of 
achievement of cadets in their flight training 
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About 90% of the cadets are characterized by elevated profiles on scales 

4, 6, 8, 9 and 2, 5, 7, 0 in different combinations (19.1% being referable 

to good achievers and 16.3% to poor ones). The personality traits of 

these cadets are characterized by even temper, absence of any psychological 
problems or difficulties, confidence in their capabilities, high level of 
inducement, high self-appraisal, activity and sociability. These individuals 
are emotional, they are in good control of their emotions, adequately 
aggressive and decisive. They have a rather well-developed feeling of 

duty and responsibility. 
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Of the cadets surveyed, 2% have elevation of the profile on scales 1 and 3 
combined with increased 6, 8 and 0, There were no good achievers among 
thie group, and poor achievers conatituted 0, 2%, 


The degree of correlation between all measured personality traite=-33 
parametera of personality traits (lé-factor analysis of the personality 
and MMP)) and 6 parameters of the external criterion of achievement in 
cadet flight training was found to be significant in 10 cases (B, G, M, 0, 
Qi, Quy Py, FP, 3, 9). Im eight cases (C, F, H, Qy, 1, 4, 6, 7) there was 
mild overall correlation between the parameters studied (see Table). 


The most reliable correlation was demonatrated between factors B and flight 
abilities, number of training and test flights in the let and 3d courses; 
between factor 0 and level of development of the main mental processes, 
flight skills, number of training and check flights in the let and 3d 
courses; between factor Qe and flight skills, number of training and test 
flights during the let course; between Fy and flight abilities, number of 
training and check flights in the lat course, 


A reliable correlation was aleo demonstrated between external criteria and 
factors C, F, G, H, M, Q;, Q» (4), seales 1, 3, 4, 6, 7, 9 (3). 


The Table lists summary data on degree of correlation between the measured 
personality parameters and external criteria for rating flight achievement 
of the cadets, 


As can be seen in this table, the level of development of the main mental 
processes, as determined in psychological screening of candidates for 

flying school, is correlated with factors B, C, M, 9, Q), Q», F, [4] and 
scales 1, 1, 2, 3, 4, 8, 0 [3]. The cadets classified in group 1 in 
psychological screening are characterized by personality traits, in the 
profile of which there are high factors B, C, Q,, whereas factors M, 0, Q,, 
F [4] and scales 1, 1, 2, 3, 4, 8, 0 [3] are lower than analogous parameters 
of cadets who were graded in group 3 by the psychological screening. The 
most reliable correlation is demonstrable between level of development of 
the main mental processes, factors C. M, 0, 9, and scales 1 and 4, 


The cadets with good flying skills were characterized by relative eleva- 
tion of factor B and decline of factors M, 0, Q,, Q,, F [4] and scales 1, 
9 (3). Im individuals who made the fewest number of flights on the basic 
introductory program and tests presented elevation of factors B, C, G, H, 
Q,, Fo, decline of M, 0, Qo, Q,, Fi and scales 3, 7, 9 of the profile. 


According to the time spent on training and check-out flights in the lst 
course, the best cadets presented elevation of factors B, G, Q,, and 
decline of F, i, Q,, F, and scales F, 2, 3, 4, 8. 


There was a close correlation between the number of training and test 
flights in the 3d course and factors B, 0, Q,;, Q,, and scales F, 1, 3, 6, 
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/, ¥. For the beat achievers, there was elevation of factors 8, 0, Q), 
Qe, with relative decline of scales F, 1, 3, 6, 7, 9. 


According to the time spent on introductory and checkeout flights in the 

jd course, the best achievers presented elevation of factora B, G, H, 0, 
Qi, Qa, Pi, Pa, decline of factor M and relative decline of scales F, 1, 4, 
6, 0. 


Thue, the resulte of these studies warrant the statement that elevation of 
factore B, C, G and values of factors 0 (4 or less eten), M (5 or less sten), 
Qo (3 or less aten), scales 1, 1, 3 (50 T or leas) and 9 (55 71), 


Consequently, the well-achieving cadets are characterized by such personality 
traite as higher intelligence than poor achievers, emotional stability, 
rationality, decisiveness, conscient iousness, courage, broad interests, 
practicality, leadership, vigor, good control over behavior and emotions, 
sincerity. 


The results of these teste define and correct the previously developed 
criteria of cadet personality traite with different levels of flying 
achievement, and they further refine psychological screening of candidates 
for higher flying schools, 
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UDC: 629, 78:612-087):008 
BIOASTRONAUTICS YESTERDAY, TODAY AND TOMORROW 


Moscow KOSMICHESKAYA BIOLOGIYA I AVIAKOSMICHEGKAYA MEDITSINA in Russian 
No 5, 1980 pp 886-92 


[Article by V. V. Budilovekiy and V. 8, Pishehik, submitted 7 Apr 80) 


(Text) In our times, cosmonautics is growing into an 
increasingly international branch of human endeavor. More 
and more countries are etriving to participate in the 
exploration and utilization of espace. For this reason, there 
has been a significant increase in volume of information 
shedding Light on the stages of development of bioastronautics, 
In order to enable the readers of thie journal to be regularly 
informed of such information, it was decided to add a section 
entitled “Bioastronautics yesterday, today and tomorrow,” 
where surveys will be published with current information on 
the following topics: 


1, Chronicles of bioastronautics. 
History of aerospace medicine (stages of development, noteworthy 
dates, personalities, anniversaries). 
International collaboration and exchange of information. 
National and international organizations. 
Congresses, conferences and symposiums. 


2. Main directions of research. 
Research in the field of space medicine, space biology and 
biomedical technology. 
Provisions for life support conditions in and out of spacecraft. 
Screening, training and professional performance of cosmonauts. 
Medical back-up of space flights. 
Use of advances in space engineering, technology and medicine in 
the national economy and public health care. 

3. Discussions, plans and forecasts.* 





*The foregoing introduction was written by the editorial board, while the 
above-cited authors’ article appears on the following pages [translator's 
note]. 
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Fifteen Yeara Since Man Walked in Space 


Latya! | am Almae, A man hae Bone Out Late apace " Ihese words echoed 
over our planet 15 years ago, on |\6 March 1965, at 1130 hours Moscow time, 
ihey were broadcast over the ethe’ by Pavel lvanevich belyayev, commande: 
of the Voskhod=?2 spacecraft, at the very moment that the second crew member, 
Aleksey Arkhipovich Leonev, Was taking 4 space walk wearing a special suit 
with an autonomous life support system (Figure 1), 


Figure i, 
EVA by A. A. Leonov from 
Voskhod=2 spacecraft on 
18 Mareh 1965 [2] 





(nm that day in March, Soviet science inscribed one more glorious page in the 
chronicles of the conquest of space, 


Summing up the flight of Voskhod=<2, Academician S. P. Korolev stated: “The 
crew was confronted with an extremely difficult task, of a very different 
quality than those of prior flights. Further development of cosmonautics 
depended on successful performance thereof, probably to the same extent as 
on the success of the first space flight. Pavel Belyayev and Aleksey 

Leonov coped with it, and it would be difficult to overestimate the 
Significance of this feat...." [2]. 











Five Years Since the Apollo-Soyuz Teast Project 


On 15 July 1975, at 1520 hours Moscow time, Soyuz-19 spacecraft was 
launched from Baykonur, the Soviet sapaceport, with cosmonauts A. A. Leonov 
and V, N, Kubasov aboard, Several hours later, Apollo spacecraft wae 
launched from Cape Canaveral with astronauts T, Stafford, D, Slayton and 
W. Brand, 


On 17 July at 1912 hours, the spacecraft docked and began a joint mission 
that lasted 2 days, In this time, the participants conducted five joint 
experiments, two of which dealt with biomedical problems of space flights. 
In the "Microbial exchange" experiment, a study was made of the conditions 
under which there was an exchange of microorganisms among the crewe of 
different spacecraft. The "Zone-Forming Fungi" experiment was conducted 
to study the effects of space flight factors on the main biological 
leireadian]) rhythms, 


The successful mission accomplished by the Apollo-Soyuz test project was 
a historical contribution to the development of international collaboration 
in the exploration of space (Figure 2), 


The commanders of Soyuz-19 and Apollo made the following statements during 
the flight: 


A. A. Leonov: "This flight will become an important step on the endless 
road of exploration of space by the joint efforts of all mankind." 


T. Stafford: “As we open the hatch into space, we are opening a new era 
in the history of mankind. How this era will develop in the future will 
depend on the will, efforts and faith of the people of both nations, the 
people of the entire world" [3]. 


Screening of French Cosmonauts for Flight Aboard the Salyut Station 


The director of the French National Center for Space Research reported 
that 261 applications were received between the time of announcement (late 
October 1979) that French cosmonauts would be recruited to fly aboard the 
Soviet Salyut station and termination thereof (15 November 1979). Among 
the individuals who applied there were 50 servicemen and 37 women. A total 
of 70 people will be chosen on the basis of questionnaires and medical 
records to undergo various tests at the Space Center in Toulouse. By the 
middle of 1980, 2 candidates will have to be selected out of these 70 
people, and they will undergo appropriate training in the USSR. One 
cosmonaut will be picked of these two candidates just prior to the flight 
(scheduled for 1982). 
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Figure 2, Commemorative medal in honor of ASTP, halves of which 
were taken aboard Soyuz-19 and Apollo and joined in 
space [3] 


Preparations for Biomedical and Biotechnological Experiments in the 
Spacelab Laboratory 


The bulk of the research and experiments dealing with bioastronauts, which 
have been scheduled for the next few years by western nations will be 
conducted during the flights aboard the American reusable space transport 
(MTKK), the "space shuttle" with the Spacelab laboratory on board. 


The space shuttle is the main project in the national space program of the 
United States. Work on this project is close to completion: the first 
flight of the new craft will take place in late 1980 or early 1981. The 
space shuttle is the first generation of reusable transportation space 
systems, which was called the space aircraft (SA) because of its resemblance 
to modern transport aircraft, is launched vertically by means of a rocket 
engines, and after completion of the flight program it undergoes a 
controlled landing. The SA is designed for 100 missions each lasting 7- 
30 days, with a crew of 4-7 and maximum payload of 29.5 tons. The MTKK 
crew will be differentiated according to functional duties into three 
distinct categories: pilots, specialists in orbital operations, payload 
specialists. It is planned that women will also participate as specialists 
in the last two categories (according to data as of 1 Jan 1980, 62 people, 
including 6 women, are being trained among the ranks of cosmonauts for 
flights aboard MTKK). 








The diatinctive feature of the Spacelab program is that it is international, 
lhe Spacelab laboratory is being established by member nations of the 
European Space Agency (ESA) with the expert and consultant participation 

of NASA (United States) specialists, The statute of the program is 

defined by intergovernment agreement between the United States and ESA 
nations, which provide for joint collaboration up to 1988, By special 
agreement among ESA nations, the tentative coat of the program has been 
determined (500 million dollare at 1975 prices), as well as distribution 
of financing: 53% of the expenses to be covered by FRG, 18% by Italy, 

LOX by France, 6% by England, 4% by Belgium, 3% by Spain, 2% by the 
Netherlands, 2% by Canada, 1.5% by Denmark, 1% by Switeerland and 12% by 
Sweden and Ireland, Australia, India, Japan and several other countries 
will also participate in conducting the experiments, At the present time 
ESA nations are delivering to NASA the equipment for a Spacelab prototype, 
to prepare it for the first Spacelab 1 flight scheduled, according to the 
latest information, for the second quarter of 19862, 


Spacelab is a multipurpose space laboratory, which consists of standardized 
unite equipped with life support and servicing equipment, It is designed to 
implement basic and applied research in weightlessness with the participa- 
tion of man, both in the customary habitat with the earth's atmospheric 
parameters (sealed module) and in open space (open platforms). The labora- 
tory is put into near-earth orbit in the payload compartment of the SA, 
remaining there throughout the orbital flight (Figure 3). Spacelab 
supplements the functional capabilities of the space shuttle MTKK, and it 

can be considered as an orbital station that can function in orbit for up 

to 30 days (in the future, there are plans to extend this period to 90 days). 
By virtue of the fact that an SA is the carrier of the Spacelab, the labora- 
tory itself and virtually all of its equipment can be reused many times, Re- 
search and maintenance of experimental equipment in the laboratory will be 
conducted in shifts by a separate group of payload specialists consisting 

of up to four people. 


One of the research centers of the German Scientific Research Institute of 
Aviation and Cosmonautics (FRG) is being converted into the West European 

Center for Manned Space Flights in order to train ESA cosmonauts. There, 

the Spacelab crews will undergo preflight training [5]. 


At the first phase of operation of the space shuttle and Spacelab, the bio- 
medical research will be limited by the short duration of the flights, no 
more than 10 days. It is planned, first of all, to conduct studies with the 
participation of man of such problems as motion sickness, decalcification 
processes in the body, reduction of blood erythrocyte mass, adaptation of 
the circulatory system to weightlessness, biorhythmology, changes in percep- 
tion of time and position in space. The effects of psychological stress on 
vascular reactions in weightlessness and of various forms of cosmic radia- 
tion will be studied in experiments on animals (rodents and primates). 


The medical studies will be conducted with due consideration of public 
health interests, For example, there are plans for an experiment having 
the following main objectives: study of processes of erythrocyte sticking 
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and determination of maximum size of a clot of adherent erythrocytes; deter- 
mination of the most significant parameters affecting clot sige and kinetics 
of ite formation; atudy of viscosity of blood with clot formation; determina- 
tion of poss.bility of using the effectea of adherent erythrocytes and change 
in blood viscosity for diagnostic testa, 





Figure 3. Space aircraft (SA) with Spacelab aboard in orbital flight 
(SA is shown with open doors of payload compartment, in 
which are contained the sealed module and open platforms 
of Spacelab) 


There are plans to examine blood specimens from health individuals, as wel] 
as patients with hypertension, diabetes, myocardial infraction and some 
forms of cancer. This experiment is being prepared by a team of scientists 
from Australia headed by Dr Dintenfass. 


Among the biomedical studies presently being prepared in the United States 
and ESA nations for the first flights of Spacelab, we should mention the 
biotechnological experiments, the joint NASA and ESA program for the study 
of vestibular function of man, as well as experiments on primates. 


As we know, much attention has been attracted in recent times to electro- 
static methods of separating biological materials in weightlessness. These 
methods are quite effective for the preparation of ultrapure vaccines, cel! 
preparations, synthetic hormones and other drugs. 
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The National Health Inatitute of the United States, together with NASA, 

ia exploring the possible use of the above products, need for them by 
medical inatitutiona of the country, as well as questions of further re- 
tinement of methods of producing them in apace on the basia of technology 
teated aboard the Skylab orbital atation, These studies will be con- 
tinued in the flights of the space shuttle and Spacelab orbital laboratory. 
During the fireat flights it is planned to conduct several such experiments, 
One of them, "Purification of hormones by electric fields in weight lessa- 
ness," is being prepared by a team of scientiate headed by Dr Bier and 
another, "Electrophoresis of human pancreatic cells," by a team of re- 
searchers headed by Dr Van Ose [6], 


One can obtain biological materials in weightlessness that have materials 
that would be difficult or even impossible to obtain on earth (for example, 
biological substitutes for human tissues), Preparations are in progress 

at the Battel' [7] Scientific Research Institute for an experiment dealing 
with treatment of collagen aboard the space shutttle [7]. 


The treated collagen can be used to create human artificial organs, for 
example, blood vessels or cornea, to replace or restore natural organs. 
However, the soluble collagen obtained from animal tissues and treated 

in earth's gravity cannot be used for these purposes, since it is not a 
homogeneous substance. When collagen is treated in weightlessness, one 

can obtain a substance that is homogeneous in structure and chemical proper- 
ties. This experiment is scheduled for 1981. At the present time, pre- 
parations are underway to develop equipment for automatic treatment of 
collagens. 


A modified version of the "sled" stand, on which studies will be made of 
man's adaptation to weightlessness, will be installed aboard Spacelab for 
its first flight to conduct vestibular studies [8]. 


In its original version, this stand consists of a swivel chair secured on 
two tracks along the lateral walls within the airtight module of Spacelab. 
A cosmonaut seated in this chair can be submitted to linear accelerations 
of up to 0.2 G, generated by means of a drive that moves the chair on the 
tracks. Some vestibulosomatic reactions to Linear accelerations in weight- 
lessness are measured by means of sensors attached to the body. One of the 
objectives of these studies is to determine the correlation between the 
space form of motion sickness and effect of linear accelerations. 





Originally, it was planned to secure the guide rails for this stand on 
the racks for experimental equipment situated along the lateral walls of 
the pressurized Spacelab module. Since the crew must have access to the 
equipment, the tracks had to be installed during the orbital flight. 

This required additional time for the studies. In addition, there was 
the fear that vibrations arising when the stand is in operation could 
have an adverse effect on the results of other studies. For this reason, 
it was decided to place the guide rails on the floor of the pressurized 
module, which makes it possible to install them before launching the 
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stations, The cosmonauts would be submitted to accelerations only when 

seated in the chair (facing the direction of movement or laterally to it) 

and supine (with the feet forward). ESA member nations agreed to allocate 

an additional $1.6 million tor the vestibular research project and about 
$300,000 for other expenses, The existing plans provide for only one- 

time use of the stand as part of the Spacelab equipment; however, the number 
of such flights could be increased if warranted by the results of the studies, 





Refinement of space engineering expands the possibilities for conducting 
biological experiments during manned flights, and this in turn stimulates 
development of new experimental research projects with animals. An interna- 
tional team of 34 scientists headed by Prof Burgeat has been formed at the 
Paris Scientific Research Center of Aerospace Medicine, for the purpose of 
preparing for experiments with two primates aboard the Spacelab orbital 
laboratory within the framework of ESA in 1984 [9]. This group includes 
scientists from Great Britain, Belgium, Denmark, Italy, France and Sweden, 
The experiments have to be planned in collaboration with the French National 
Space Study Center, 
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